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ABSTRACT

Rates for excitation of CO, CS, OCS, and HC;N by collisions with He atoms and H, mole-
cules are presented. These have been obtained from extensive theoretical calculations using
methods of known reliability. In general, rates necessary for modeling interstellar molecular
clouds with kinetic temperatures to 100 K have been included. Methods for fitting these rates

in more compact form are discussed.

Subject headings: interstellar: molecules — molecular processes — transition probabilities

I. INTRODUCTION

Analysis of radiofrequency and microwave spectra
of interstellar molecules requires an understanding of
the line formation mechanism, i.e., the means of
exciting and de-exciting the observed molecular levels.
For conditions in typical interstellar clouds, two
molecular processes are important: radiative transi-
tions among levels, and collisions with the dominant
neutral species, H, and He. The radiative rates are
generally well known. For the rotational transitions
of interest they are simply related to the permanent
electric dipole moment of the molecule; they are
generally known experimentally. Collisional rates, on
the other hand, have been more difficult to obtain.
The line formation problem requires knowledge of
rates between specific quantum levels, and current
experimental techniques for the most part measure
only averages over many transitions. Furthermore,
collisional rates depend on the kinetic temperature,
and it is often difficult to obtain even averaged rates
at the low temperatures of interstellar clouds.

In principle it is possible to obtain the required
rates ab initio, i.e., by solving the appropriate quantum-
mechanical equations. Fortunately, the extreme
physical conditions in interstellar space, which make
experimental measurements difficult, facilitate the
theoretical approach by limiting the number of
accessible scattering channels. We have discussed the
theoretical techniques in some detail previously
(Green and Thaddeus 1976) where they were applied
to excitation of CO. Similar calculations have been
presented for the collisional excitation of other
linear molecules: HCN (Green and Thaddeus 1974),
NH* (Green 1975), HCl (Green and Monchick
1975), and HD (Green 1974). The theoretical tech-
niques become computationally expensive when many

* Research supported by NASA under grant NSG 7105.

rotational levels (more than about 6-8) are energetic-
ally accessible, and this prevented calculations for
heavier molecules with smaller rotational constants.
To overcome this problem, several approximate
scattering methods have been proposed, and these
have now been tested against the accurate quantum
results available for the systems listed above. The
coupled states method (McGuire and Kouri 1974)
appears to be acceptably accurate and is computa-
tionally feasible when up to about 20 rotational
levels are of interest. When more levels than this are
accessible, one expects that classical mechanics will
provide an accurate description, and this has been
demonstrated to be true (Chapman and Green 1977).

Using these approximate techniques, we have com-
puted collisional excitation rates for several additional
systems of current astrophysical interest: CS, OCS,
and HC;N. Also, earlier calculations for CO have
been extended to include higher rotational levels.

The theoretical treatment is significantly simplified
for collisions with spherical ground-state atoms such
as He, and most of our calculations to date have
considered only excitation by collisions with He. In
low-temperature interstellar clouds, H, molecules are
expected to be in their lowest, J = 0 rotational level
(Dalgarno, Oppenheimer, and Black 1973), and col-
lisional excitation to higher levels is not energetically
possible. In that case, H, acts like a spherical particle.
In fact, we have argued that H, (J/ = 0) is quite
similar to He except for the smaller reduced mass
(Green and Thaddeus 1976; Green et al. 1978). Thus
rates for excitation by H, are expected to be somewhat
larger (about 50%,) than corresponding rates for He.
The present calculations for CS and OCS have been
performed for collisions with H, (J = 0); i.e., the
reduced mass and the long-range part of the interaction
potential were computed for H,. The CO and HC;N
results here are for collisions with He atoms.

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1978ApJS...37..169G

JS. - .-37. 169G

]

rT978A

170 GREEN AND CHAPMAN

The next section describes details of the calculation
for each molecule; numerical results are collected in
the Appendix. When many levels are accessible the
number of state-to-state rate constants becomes rather
large, and tabulation and manipulation of this body
of data can be a problem. Methods for “fitting™ this
data are discussed in § ITI.

II. DETAILS OF CALCULATIONS
a) CO-He

The present calculations extend the earlier studies
of Green and Thaddeus (1976). These authors con-
sidered several intermolecular potentials, and we
adopt here their “modified ab initio (MAI)”* poten-
tial, which appeared to be the most accurate. They
also studied convergence of cross sections with basis
set size, and presented close coupling (CC) rates for
rotor levels to J = 6. The coupled states (CS) ap-
proximation has been shown to be quite reliable for
this system when compared with the CC results,
especially at higher collision energies (Green 1976).
Using the CS approximation, additional calculations
have been done to obtain converged cross sections
for rotational levels to J = 9 for a range of energies.
These cross sections plus the earlier CC values have
been averaged over Boltzmann distributions of col-
lision energies to obtain rate constants which are
tabulated in the Appendix.

b) CS-H, (J = 0)

The interaction potential for this system was
adapted from a Gordon and Kim (1972; see also
Green, Garrison, and Lester 1975) electron gas model
for CS-He, treating the CS molecule as a rigid rotor
with bond length r, = 2.8996 Bohr radii. The inter-
action was computed for intermolecular distances
R = 3.0(0.5)10.0 Bohr radii and for 11 orientations.
The angle dependence was fitted to eight terms in a
Legendre polynomial expansion by minimizing the
root-mean-square average deviation. For distances
greater than about 8 Bohr radii the lowest four Le-
gendre terms were modified to join smoothly with the

Vol. 37
TABLE 1
MOLECULAR PARAMETERS USED FOR
LoNG-RANGE INTERACTION*
H (o oCS
Dipole, debye............ .. 1.962 0.712°
Quadrupole, buckmgham’r ... 2.0° —0.88¢
Polarizability, A2......... 0.79¢ 6.0°° 5.70°
Polarizability,
perpendicular, A3. ..... . 1.6%° 3.70°
Polarizability,
parallel, AS............ ... 2.80%¢ 9.6°
Ionization potential, eV... 15.6° 12.4¢ 11.0°

* Cf. Green and Thaddeus 1976.

1 1 buckingham = 1028 esu cm?.

REFERENCES.—(a) Mockler and Bird 1955; (b) Weiss 1963;
(c) Estimated from Hartree-Fock calculations and/or com-

parison with data for similar molecules; (d) Flygare et al.
1969; (e) Hirschfelder er al. 1954.

asymptotic electrostatic interaction (cf. Green and
Thaddeus 1976), using molecular parameters for CS
and H, listed in Table 1. The final potential is given
in Table 2.

The collisional reduced mass was taken as 1.928
amu. Rotational energy levels were computed from
the usual spectroscopic constants, B, = 0.81709 cm~*
and Dy, = 1 x 10~%cm™~*. To test convergence with
basis set size and to compare the coupled states ap-
proximation with the accurate close coupling method,
scattering calculations at a few energies were done
with basis sets of varying size; selected results are
presented in Table 3. Final cross sections were ob-
tained from a CC/B7 calculation for energies to
50 cm~1; from a CS/B16 calculation for energies to
150 cm~*; and from a CS/B20 calculation for higher
energies. (The notation “Br” indicates a basis set
containing rotational levels from J = 0 through
J = n.) These cross sections were integrated numer-
ically over Boltzmann distributions of collision
energies to obtain rate constants at temperatures from
10K to 100 K; these are tabulated in the Appendix
for rotational levels to J = 12.

TABLE 2
INTERACTION POTENTIAL FOR CS-H; (J = 0)

R Vo v va Va Us ve U7
30......... +45614.25 +36009.43 + 85065.43 +69094.50 +62754.82 +39924.36 +31046.76 22568.96
35......... +19715.35 +16414.78 +36051.48 +26572.04 +22566.00 +14108.26 +9295.72 5248.97
40......... +8706.19 +8267.98 +16859.21 +12218.34 +9906.08 +6423.56 +3463.31 1456.40
45......... +3619.11 +4137.96 +7781.94 +5851.52 +4718.30 +2941.33 +1572.41 752.37
50......... +1377.03 +1931.18 +3363.18 +2698.20 +2136.52 +1300.40 +741.50 350.44
55......... +436.19 +826.73 4-1348.46 +1131.83 +921.23 +615.30 +309.23 95.40
6.0......... +92.88 +317.21 +479.54 +435.34 +357.84 +259.24 +121.65 26.98
65......... —16.12 +94.63 +136.78 +144.79 +129.29 +91.69 +52.71 20.11
70......... —35.71 +16.39 +19.64 +37.97 +41.50 +29.74 +25.36 16.38
75......... —29.63 —5.62 —12.00 +0.72 +8.40 +8.10 +8.53 5.71
80......... —19.42 —8.59 —14.90 —7.66 —1.50 +1.05 +1.71 0.51
85......... —11.37 —6.83 —11.14 —17.05 —3.18 —1.40 +0.21 0.18
9.0......... —6.27 —4.32 —6.95 —4.95 —2.60 —1.54 —0.16 0.05
9.5......... —3.32 —2.35 —3.85 —3.01 —1.54 -1.01 —0.18 0.00
100........ —1.75 —1.25 —1.96 —1.66 —0.73 —0.59 —0.15 0.00

* Distances in Bohr radii, energies in cm™*; the angle § = 0 corresponds to linear SC-H,.

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1978ApJS...37..169G

JS. - .-37. 169G

]

rT978A

No. 2, 1978 COLLISIONAL EXCITATION
TABLE 3
SELECTED CS CROSS SECTIONS AS A FUNCTION OF BAsis SET Size*
J=>J B6 B7 B8 B9 B16 B20
0 1 9.12 8.94 8.93 (10.7) 8.84 (10.7) (10.7) (10.7)
0o 2 16.2 16.1 16.1 (20.9) 16.2 (21.1) (21.0) (21.0)
0 3 3.14 3.21 3.25 (4.37) 3.28 (4.31) 4.33) (4.33)
0 4 2.61 2.74 276 (3.37) 2.67 (3.21) (3.25) (3.24)
0 5 0.32 0.27 0.27 (0.33) 0.25 (0.38) (0.41) (0.41)
0 6 0.50 0.30 0.33 (0.35) 0.39 (0.41) 0.41) (0.41)
0 7 0.09 0.10 (0.18) 0.45 (0.63) 0.72) (0.71)
1 2 7.68 7.58 7.51 (9.22) 7.45 (9.17) (9.13) .12)
1 3 11.5 11.3 11.2 (13.9) 11.2 (13.9) (13.9) (13.4)
1 4 1.75 1.86 1.89 (2.29) 1.90 (2.25) (2.31) (2.31)
1 5 1.59 1.62 1.66 (1.61) 1.64 (1.61) (1.70) 1.71)
1 6 0.42 0.26 0.39 (0.37) 0.43 (0.38) (0.42) 0.42)
1 7 0.20 0.18 (0.22) 0.19 (0.25) (0.20) (0.20)
5 6 12.2 8.29 8.86 (7.86) 9.07 (7.08) (6.70) 6.71)
5 7 .. 6.04 5.47 (6.69) 6.14 (7.03) (6.68) (6.67)
6 7 9.87 6.13 (8.21) 4.52 (3.75) (3.45) (3.43)

* Cross sections in A2 at a total energy of 50 cm~*. Basis set Br indicates rotor levels to J = n
have been included. Values in parentheses are from the coupled states approximation; others are

from close-coupling calculations.

¢) OCS-H, (J = 0)

The interaction potential for this system was adap-
ted from an electron gas calculation for OCS-He.
The OCS was assumed to be linear and rigid with
bond distances roc = 2.914 Bohrradii and rgg =
2.95 Bohr radii. The interaction was computed for
intermolecular separations R = 3.0(0.5)9.5 Bohr radii
and for 13 angles § = 0(15)180°. The angular depen-
dence was fitted to 11 terms in a Legendre polynomial
expansion by minimizing the root-mean-square aver-
age deviation. The lowest four terms were modified at
long range and in the region of the minimum to be in
accord with the long-range electrostatic interaction
computed from the molecular parameters for OCS
and H, given in Table 1 (cf. Green and Thaddeus
1976). The final potential is given in Table 4.

Scattering calculations for this system were done
only within the coupled states approximation. The
reduced mass was taken to be 2.0 amu. Rotational
energy levels were computed from the rotational
constant B, = 0.20286 cm~! corrected for a centrif-
ugal distortion constant D, = 4 x 10~ cm~'. Cal-
culations were done with a number of basis sets of
increasing size to check for convergence. Final cross
sections were obtained with a B22 basis for total
energies to 60 cm~* and with a B26 basis for higher
energies. These appeared adequate to obtain 107,
accuracy for transitions among the lowest 13 rota-
tional levels. Cross sections were averaged over
Boltzmann distributions of collision energies to obtain
rate constants for kinetic temperatures from 10 K to
100 K, and these are tabulated in the Appendix.

d) HC;N-He

The interaction between HC;N and He was com-
puted with the Gordon and Kim (1972) electron
gas approximation. The cyanoacetylene was assumed
to be linear and rigid with bond distances fixed at
the experimental values (Westenberg and Wilson

1950). The potential was computed for 29 orienta-
tions at intermolecular separations R = 4.0(0.5)11.0
Bohr radii. For larger separations the potential was
assumed to decrease as an inverse sixth power at
each orientation. (Further details of the potential are
available on request from the authors.) As discussed
elsewhere (Chapman and Green 1977), because of the
large anisotropy of this system it was not possible
to expand the potential in a Legendre polynomial
series or to perform quantum scattering calculations.
Rather, excitation rates were obtained from Monte
Carlo quasi-classical trajectory studies.

The initial coordinates and momenta for each batch
of trajectories were selected randomly from the
appropriate distribution, with the initial rotor energy
fixed according to the initial J value using a rotational
constant B, = 0.151739 cm~!; the relative velocity
was selected from a thermal distribution at the selec-
ted temperature. Thus a batch of trajectories resulted
in one row of the matrix R(J — J'|T). The equations
of motion were integrated with a fourth-order con-
tinuously variable step size integrator. The points on
the potential energy surface were fitted with a two-
dimensional cubic spline function. Final rotation
state values were determined by the histogram
method.

In most cases, a batch consisted of 5000 trajec-
tories. For the lowest temperature, 10 K, 2000 trajec-
tories were used for the larger J values. The resulting
error, as defined by 1 standard deviation in the
statistics, ranged from about 5%, where the rates
were of the order of 1071°cm®s~1, to about 25%,
where the rates were of the order of 10722 cm®s—2.
Calculations were done for initial rotor levels J = 0
through 6, 8, 10, 12, and 15. For other initial levels
rates were obtained, where possible, from the reverse
transition using microscopic reversibility. The quasi-
classical trajectory method does not guarantee
microscopic reversibility. Where both forward and
reverse rates were computed, however, this condition
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was met within statistical error, but these rates were QREI2FENRESS888
averaged so as to be in exact detailed balance. The 2 | 58 ggRegSeocSSS
final set of rate constants is given in the Appendix, S lERBHR
where values not obtainable as described above have AR
been obtained using the fitting methods discussed in
the next section (see especially eq. [2]). N2BBIILIRIRISES
o | VNONROONOVOONOOO
s 2§N%$a£w~
II. FITTING OF RATES 3=

When many rotational levels are accessible, the
number of state-to-state rate constants needed to SRBRLKIZIVLNSESS
characterize an excitation process becomes un- o | B3R osggE Yo
manageably large, and the question arises whether Sl R8T RAT
there is some convenient way of compacting this data, hits
for example, by fitting it to a parametrized form. This
question requires, in essence, determining how much YRBANBEISNLKLAS
information is contained in the set of state-to-state f | EOCORYOAKgscSoS
rates—i.e., the irreducible number of independent °lognelgey
parameters needed to describe this body of data. An qon—
equivalent viewpoint is to consider whether the
various rates are interrelated so that knowledge of a 39282850 RI8
few is adequate to determine the others. o | 3UNSSRGBRRASSS

It is apparent that the various rates are interrelated Pl IerRIge .
to at least some extent. The most obvious example is . JRvd
the detailed balance which is necessitated by time- =)
reversal symmetry, and which gives the relation I CILURERNERLRS
between forward and reverse rates at temperature 7, o) Haoedsasy g NI

S 2| o - N B I
RU—J'|T) = [V + D)2J + 1] il RS
x exp (—AEkT)RWJ' = J|T), (1) cg Nt
where k is Boltzmann’s constant and AE = E;. — E;. Yo -

A number of workers have tried to find more general M & INRARRBIRRRERRT
relationships based on other constraints in the phys- G 2l .| 88858828881 TTY
ics. No universal fitting formulae have appeared to = E Pl IRgnaY— 4y +
date, however, and we have therefore chosen to E PN L T+
present extensive tables of values. Nonetheless, we &~
will review some of the work along these lines since 3
. . . VIO o0~ N v <t v I~ 00 NSO 0
it may prove useful in using the results presented here; E CRECRIIRGEIIIR
in this context it must be recalled that the acceptabi- .| BERCLTRESSTTTT
lity of a fitting formula is always tied to the required E > aEgRE To+t +
accuracy for a given application. = Tyttt

Levine and co-workers (Bernstein and Levine 1972;

Levine et al. 1976; Procaccia and Levine 1976) have 0 T b 1 O8> s O D 1 O 00
considered this problem from the point of view of EhoaovodoIrmgal
information theory. In this approach, one assumes < | 2SSBE8EERERITY
that there is some statistical’® relationship among Sl oezys ﬁ‘_]'_ st
different rates in the absence of any information or AN

constraints on the dynamics, and this is chosen to be
equal probability for all energetically accessible 500 e 1y O < [ € O
quantum states. Deviations from this ““prior’’ expecta- oA AN YN ==
tion reflect additional dynamical constraints, and a
“surprisal” is defined as the negative logarithm of
the ratio of actual to prior rate. In gerieral, the sur-
prisal differs for each state-to-state transition; how-
ever, by introducing various constraints in the

v

X o | ZRESARIRATIEER
dynamics, it appears that the surprisal may be a S ERESER T
simple function of certain collision parameters. For e+t

example, for rotational excitation in atom-linear
rigid rotor collisions, it has been found for several

systems that the surprisal is nearly linear in the frac-
tion of available energy converted from translation
to rotation. However, this implies that single-quantum
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transitions are always more probable than double-
quantum transitions, and the contrary has been found
to be true for several systems of astrophysical interest
due to symmetry in the interaction potentials, which
is ignored in this simple model. (See also Goldflam
and Kouri 1976.)

Another approach to this problem notes that, to
first order, transitions which change the rotational
momentum by AJ are induced by the Legendre term,
P,, in the angle expansion of the potential with
A = AJ. This suggests that all transitions with the
same AJ may be interrelated. Such an idea was
pursued in an empirical fashion by DeJong, Chu, and
Dalgarno (1975), who presented a two-parameter fit
for each AJ which described the dependence on
initial level and on collision energy; these authors
presented a fit to our earlier results for excitation of
CO. More recently DePristo and Rabitz (1977) have
pursued a similar idea. By expressing the parameters
for a given AJ transition in terms of the cross section
(0 —J) they obtain a formula for computing
o(J—J') in terms of cross sections out of J = 0;
i.e., if one has one row (or column) of the cross
section matrix, the remaining values can be obtained.

Another rather simple formula can be obtained by
making the energy sudden approximation—i.e., ignor-
ing the rotational energy differences compared to the
collision energy. This method has been discussed in
detail recently (Goldflam, Green, and Kouri 1977;
Goldflam, Kouri, and Green 1977; Varshalovich and
Khersonsky 1976 obtained an identical formula from

COLLISIONAL EXCITATION 173

a different derivation) and tested for a number of
systems, including several of those presented here.
As expected, this formula becomes quite accurate
when many rotational levels are accessible—just the
case where a fitting formula is most necessary—since
the rotational energy differences are then generally
small compared with the collision energy. Like the
method of DePristo and Rabitz, this formula can be
used to predict the entire matrix of rate constants
from knowledge of one row. In terms of the rates of
excitation out of the J = 0 level it takes the simple
form

RU—J|T) = @) + 1)

J L J\2
xz(o o 0) RO—L|T), (2

where (:::) is a 3—j angular momentum coupling
symbol (Edmonds 1960). Because this formula is
derived by ignoring energy differences between rota-
tional levels, it does not satisfy detailed balance,
differing from equation (1) by the absence of the
energy defect factor, exp (— AE/kT). It seems reason-
able to use equation (2) to compute upward rates
from the upward, 0 —J ones, and to obtain the
downward rates from detailed balance. (It might be
noted that a formula analogous to eq. [2] can be ob-
tained in terms of downward, J— O rates. It might
be possible to improve somewhat on this fitting pro-
cedure by a method that uses as input some average
of the 0 — J and J — 0 rates.)

APPENDIX

Computed rates for excitation of CO, CS, OCS, and HC;N are given in Tables 5, 6, 7, and 8, respectively.
Within each table the rates are ordered by initial rotational J value. All rates are given in units of cm®s ! as a
function of kinetic temperature. The Monte Carlo statistical sampling used for HC;N is incapable of accurately
determining very small rates; therefore, for this system all rates smaller than 10~ cm®s~! have been set to

Z€ro.
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INITIAL - FINAL 10.0 K 20.0 K 30.0 K 40,0 K 500 K 60.0 K 8040 K 100.0 K
0 - 1 4e9(-11) Se9(-11) 6.0(-11) 549(-11) S5e8(-11) 5.7(-11) Se6(-11) 5.4(-11)
c - 2 2.9(-11) 6.2(-11) 7¢8(-11) 8.7(-11) 9.2(-11) 9.6(-11) 1.0(-10) 1.0(-10)
[} - 3 8.7(-13) Se0(-12) 9.3(-12) 1e3(~11) 146(-11) 1e9(-11) 2.3(-11) 2.7(-11)
Q - 4 1.6(-13) 2.6(-12; 6.5(-12) 1.0(-11) l1e4(-11) 1Le7(=11) 2.2(-11) 2.6(-11)
(o} - S 2e2(-15) 1e 7(=13) B.0(-13) 1.8(~12) 3.1(=-12) 4.6(~-12) 7.9(-12) 1ell(-11)
c - 6 1led4{—-16) 447(-14) 3.4(-13) 9.4(-13) 1.8(-12) 2,9(-12) 5¢2(-12) 7.7(-12)
o - 7 9.4(-19) 3.4(-15) S.6(-14) 2.4(-13) Se9(-13) 1,1(-12) 2+4(-12) 3.9(-12)
0 - 8 1.0(-20) 363(-16) 1e2(-14) 7.0(~14) 2¢1(-13) 4.2(-13) 1.0(-12) 1e7(-12)
0 - 9 1.0(-22) 2¢5(-17) 1.9(-15) 1e7(-14) 6¢5(-14) 166(-13) 4.9(-13) 1.0(-12)

1 - 0 2.8(-11) 2.6{-11) 2.4(-11) 2.3(=11) 2.2(=11) 2.1(=11) 2.0(-11) 1.9(-11)
1 - 2 2e1(-11) 3.5(=11) 4.,0(-11) 4¢3(=11) 4.4(~-11) 4.5(=11) 4.,6(-11) 4.7(-11)
1 - 3 Be40(—12) 2,9(-11) 4.3(—-11) 5.2{-11) S5.8(-11) 6.2(=11) 6.8(-11) 7.3(-11)
1 - 4 1.3(-13)  1.8(-12) 4.4(-12) 7.1(=12) 9¢7(=-12) 1e2(=11) 16(-11) 1.9(-11)
1 - 5 1s4(-18) 648(-13) 2.5(-12) 4.8(-12) 7.1{=12) 9.3(-12) 1.3(-11) 1.6(—-11)
1 - 6 1.90-16)  4.9(=18) 3.3(-13) 9.4(=13) 1.9(-12) 3.1(-12) 6+4(=12) 1.0(-11)
1 - 7 148(-18) S5.1(—15) 7.4(-14) 2.,9(=13) £.8(-13) 1.2(-12) 2.4(-12) 3.7(—12)
1 - 3 3.0(-20) 5.6{=16) 1+7(=14) 9.5(~14) 2.7(-13) 5.6(-13) 1.4(-12) 2.6(-12)
1 - 9 1.7(-22) 3.3(-17) 2.3(-15) 2.,0(=14) 7.1(=14) 1.6(=13) 4.7(-13) B8.8(-13)
2 - 0 3.0(-11) 248(=11) 2.7(=11) 2.6(-11) 2.6{~11) 2.5(=11) 2.5(=11) 2.5(-11)
2 - 1 3.8(-11)  3.7(-11)  3.5(-11) 3.4(-11) 3,3(-11) 3.2(-11) 3.2(-11) 3,2(-11)
2 - 3 Ba7(-12) 2.1(=11) 2.7(=11) 3.1(-11) 2.3(-11) 3.5(-11) 3.8(-11) 4.0(-11)
2 - a 243(-12)  1.5(=11) 2.7(=11) 3.6(-11) 4s2(=11) 4.,7(-11) 5.5(-11) 6.1(-11)
2 - 5 2.7(-14)  8.3(-13) 2.6(-12) 4.8(-12) 7.0(-12) 9.2(-12) 1.3(-11) 1.7(-11)
2 - 5 1.4(=15) 2.0(=13) 1.0(=12) 2.4(=12) 4,0(-12) 5S.7(=12) 9.0(-12) 1.2(-11)
2 - 7 3.5(~18) 1+3(-14) 145(-13) S5.3(-13) 1.2{=12) 1.9(-12) 3.8(-12) 5.7(-12)
2 - 8 9.7{-20) 141(-15) 2.6(-14) 1+3(=-13) 3.6(-13) 7.0(-13) 1.6(-12) 2.5(-12)
2 - a 3.2(-22) 8.4(-17) 4.8(-15) 3,7(-14) 1.3(-13) 2.8(~13) 8,0(-13) 1.5(-12)
3 - © 3.4(-12)  3.8(-12) 4.0(-12) 4.2(-12) 4.4(-12) 4.6(-12) 5.0(-12) 5,3(-12)
3 - 1 Se4(-11) 4,9(=11) 4.6(-11) 4,4(-11) 4.3(=11) 4.2(=11) as1(-11) 4s1(=11)
3 - 2 3.3(-11)  3.8(-11) 3.3(=11) 3,3(-11) 3.3(-11) 3.3(-11) 3.3(-11) 3.4(-11)
3 - 4 301(-12)  1.2(-11) 1.380(-11) 2.,2(=-11) 2.5(-11) 2.8(-11) 3.1(-11) 3.4(-11)
3 - 5 6+8(=13)  7.8(-12) 1.7(=11) 2.5(=11) 3.1(-11) 3.6(-11) 43(-11) 4.9(-11)
3 - 6 6.9(-15) 4.3(-13) 1.7(-12) 3.6(-12) 5.8(-12) 8.3(-12) 1.4(-11) 1.9(-11)
3 - 7 6+48(=17) 4.5(-14) 3.9(-13) 1.2(-12) 2.2(-12) 3.4(-12) 5.9(-12) 8.1(-12)
3 - 3 1.0(-18)  446(=15) 7.9(-14) 3.4(-13) €41(-13) 1.,4(~-12) 3.0(-12) 4.6(-12)
3 - 9 4.9(-21)  244(-16) 1e1(-14) 7.2(=14) 2.2(-13) 4.6(~-13) 1.1(-12) 1.9(-12)
4 - 0 445(-12)  4.5(-12) 4.6(=12) 4.6(~12) 4.7(-12) 4.7(~12) 4.9(-12) 5.1(-12)
a - 1 6+2(-12) Tel(=12) 7.7(-12) B8.2(-12) 8¢7(-12) 9,1(~-12) 9.8(-12) 1.0(-11)
4 - 2 6.0(-11) S.7(-11) Se4(=11) 5.2(-11) Se1(-11) 5.,0(-11) 5.0(-11) 5S.0(-11)
4 - 3 2.2(-11) 2.8(=11) 2.9(=11) 3.0(-11) 3.1(-11) 3.1(=-11) 3e2(-11) 3.3(-11)
4 - 5 1.61-12) 842(-12) 1.4(-11) 1.8(-11) 2¢20(-11) 2.5(-11) 3.0(-11) 3.4(-11)
a4 - 6 2.10-13)  4.1(-12) 1411=-11) 1.7(=11) 2.2(-11) 2.7(=11) 3.4(-11) 4.0(=11)
4 - 7 1,0(=-15) 2.1(-13) 1.2(-12) 2.8(-12) 4.7(-12) 6+7(~12) 1.0(-11) 1.3(-11)
4 - 8 1o1(=17)  1.7{=14) 2.1(-13) 7.4(-13) 1.6(-12) 2.6(-12) 4.8(-12) 6.8(-12)
a - 9 7.9(-20) 1.1(=15) 3.3(-14) 1.8(-13) 5.0(-13) 9.6(-13) 2.2(-12) 3.5(-12)
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INITIAL - FINAL 10.0 K 20.0 K 30.0 K 40.0 K 5040 K 6040 K 8040 K 10040 K
s - 0 Be2(-13)  9.9(-13) 1.2(-12) 1+3(-12) 1.5(=12) 1.7{(-12) 2.0(~12) 2.3(-12)
5 - 1 843(-12) B8.9(-12) 9.0(~12) 9.1(-12) 9.2(-12) 9.2{-12) 9.4(-12) 9.5(-12)
5 - 2 9.40-12) 1,0(-11) 1.1(-11) 1.1(-11) 1¢2(-11) 1¢3{(-11) 1.4(-11) 1.5(-11)
5 - 3 Ae3({-11) 6.0{-11) S5.7(-11) S5e5(-11) Se¢4(~-11) 5.3(-11) 5.1(-11) S.l(-11)
s - a 2.10-11) 274111 2,9(~11) 3.0(-11) 3.1(=~11) 3.2(-11) 3.a(-11) 3.7(-11)
s - 6 1o1(-12) 645(-12) 1.2(-11) 1.7(=11) 2.1(=11) 2.,4(-11) 3e1(~11) 3.8(-11)
5 - 7 3.1(-16)  1.6(-12) S5e7(-12) 141(-11} 1.6(-11) 2.0(-11) 2.7(-11) 3,3(~-11)
5 - 3 3.5(-16)  1.2(-13) 8.3(-13) 2.2(-12) 3.9(-12) 5.7(-12) 9.0(~-12) 1.2(-11)
5 - 9 1.5(-18)  5.9(-15) 141(=13) 4.71-13) 1.1(-12) 1.9(-12) 3.8(-12) 5.6(~12)
€ - 0 1420-12)  142(-12) 1.2(-12) 1.3(-12) 1.4(-12) 1.5(-12) 1+7{-12) 1.9(~12)
& - 1 2.8(-12) 2.9(-12) 3.1(=~12) 3.5(-12) 4.0(-12) 4.6(-12) 5.9(-12) 7T.2(-12)
6 - 2 1e2(-11  1el{=11) 141(=11) 141(-11) 141(-11) 1.1(-11) 12¢(=11) 1e3(—11)
6 - 3 1e5(-11)  145(=11) 1.5(=11) 1¢6(-11) 1.7{-11) 1.8(-11) 2.1{=-11) 2.3(-11)
& - 4 Aed(=11) 5.9(=11) 5.6(=11) 5.4(-11) 5.2(~11) S.2(-11) Sell(~11) S.1(~-11)
6 - s 2,6(=11) 249(=11) 3.0(-11) 3,2(=-11) 3.4(-11) 3.6(-11) 4.0(-11) &.4(-11)
5 - 7 547(-13)  5.7(=12) 142(-11) 1+7(=11) 2.0(=11) 2.3(-11) 2.7(=11) 2.6(=11)
6 - 8 Le4(-14) 1e0(-12) 441{-12) B845(-12} 1«3(-11) 1.7(-11) 2.a{-11) 2.9(-11)
6 - 9 644(=17) a,4(-14) 4.5(-13) 1.4(=12) 2.9(-12) 6.4(-12) 7.4(-12) 1.0(=11)
7 - 0 3.4(-13) 5.3(-13) 6.5(-13) 7.7(=13) 8.7(-13) 9.6(-13) 1.1(-12) 1.2(-12)
7 - 1 1.1(=12) 1.8(=12) 2.2(=12) 2.5(-12) 2.7(~12) 2.9(-12) 3.1(-12) 3.3(-12)
7 - 2 2490=-12) 4,4(-12) S5.1(-12) 5.6(-12) 6.1(-12) 6.5(-12) 7.1(-12) 7.6(~12)
7 - 3 642(-12)  923(-12) 1+1(=11) 1.1(=-11) 1.2(-11) 1.2(=11) 1.3(-11) 1.3(~11)
7 - 4 1.3(-11)  1.8(=11) 2.0(-11) 2.0(-11) 241{—11}) 2.1(-11) 2.1{-11) 2.1(-11)
7 - 5 $400-11)  443(-11) 4.6(-11) 4.3(-113 4.9(-11) 4.9(-11) 5.0{-11) 4.9(-11)
7 - & 246(-31)  3,6(-11) 3.7(-11) 3.8(~11) 3.8(-11) 3.8(-11) 3.8{-11) 3.8(-11)
7 - 8 449(~13) 4.6(=12) 9.8(~12) 1.4(-11) 1.8(-11) 2.0(-11) 2,4(-11) 2.6(-11)
7 - 9 95411-15) 5.¢6(=13) 3.1(-12) 743(-12) 1.2(=11) 1.6{(=11) 2.3(-11) 2.9(-11)
3 - 0 2.8(-13) 4.1(~13) 5.2{(-13) 5.0(-13) €.6(~13) 6,9(-13) 7.3{-13) 7.4(-13)
4 - 1 1ea(=12) 1.6(=12) 1.9(-12) 2.1(-12) 2.3(-12) 2.5(-12) 2.8{(-12) 3,0(-12)
2 - 2 2440-12)  2,9(-12) 3.4(-12) 3.8(-12) 4.1(=-12) 4.3(-12) 4.6(-12) 4.6(-12)
A - 3 7.0(-12) 7.6(-12) B8.3(-12) B8.8(-12) 9.2(~12) 9.4(-12) 9.7{-12) 9.9(-12)
3 - 4 1e1{=11)  1.2(=11)  1+3(=11) 1ea(=11) 1e5(=11) 1+5(=11) 1¢5(-11) 1.5(-11)
8 - 5 2.50-11)  2.6(=11) 2+6(=11) 2.6(-11) 2.6(~11) 2.6(-11) 2.5(-11) 2.4(-11)
4 - 6 4.5(-11) 4:7(=11) 5.0(-11) Sa2(-11) 5.2(-11) 5,2(-11) S5e2(-11) S.1(-11)
8 - 7 3.600-11)  3.7(-11)  3.8(-11) 3.8(-11) 3.8(-11) 3.8(-11) 3.7(-11) 3.6{(-11)
3 - a 202(-13)  2.4(-12) 6.4(-12) 141{-11) 1.4(-11) 1,7(=11) 2.0(-11) 2.2(-11)
o - 0 3.50-13) 3.3(-13) 4.0(-13) 4.6(-13) 5,0(-13) 5.,2(-13) 5.8(-13) 6.5(—13)
9 - 1 1.00-12)  1.0(-12) 1.2(-12) 1+4(=12) 1.5(=12) 1.5(-12) 1.5(-12) 1.6(-12)
9 - 2 2.7(=12)  2.5(-12) 2.9(-12) 3.3(-12) 3.5(-12) 3.6(-12) 3.8(-12) 4.1(-12)
9 - 3 4.3(-12) 4.3(-12) 5.3(-12) 5.9(-12) 6.2(-12) 6+2(-12) 6¢2(-12) 641(~-12)
9 - 4 9.3(=-12)  8.7(~12) 1.0(=11) 1+1(=11) 1e1€=11) 1.2(-11) 1.2(=11) 1.2(-11)
9 - 5 1e4(=11)  1e4(=11) 1+6(=11) 1,7(~11) 1.8(-11) 1.8(-11) 17(-11) 1.7(=11)
9 - 6 206(-11) 2.3{-11) 2.6(~-11) 2.7(=11) 2.8(=-11) 2.8(-11) 2.71-11) 2.6(-11)
9 - 7 42911} 449(=11) 5.6(-11) 6.1(~11) 642(-11) 6+2(-11) 6.0(-11) 5.8(-11)
9 - 8 2.8(-11) 2.6(-11) 3.0(-11) 3.3(-11) 3.4(-11) 3.4(-11) 3.4(-11) 3.3(-11)
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TABLE 6
CoLLISION RATE CONSTANTS (in units of cm® s~) As A FUNCTION oF KINETIC TEMPERATURE CS-H, (J =0)

INITIAL - FINAL 10.0 K 20.0 K 4040 K 60,0 K 80.,0 K 100.0 K
o - 1 4.4(-11) Se9(—-11) 6.9(-11) 7.2(-11) 7e3(-11) 7.3(-11)
0 - 2 Se0(-11) 8e4(-11) 1.2{(-10) 1.3(-10) 1.4(-10) 1.5(-10)
o - 3 Se7(-12) led4(-11) 2.3(-11) 2.8(-11) 3.1(-11) 3.3(~-11)
0o - 4 2.0(-12) 7e7(-12) 1e7¢-11) 2.4(-11) 2+9(-11) 3.3(-11)
(o] - S 1.5(-13) 8e5(-13) 2.7(-12) 4.7(-12) 6+5(-12) 8.2(-12)
o} - 6 3.3(~-14) 5¢3(—-13) 2.9(-12) 6.0(-12) 9.2(-12) 1.2(-11)
0o - 7 2.0(-14) 4.6(—13) 2.0(-12) 3.4(-12) 4.6(-12) S.7(-12)
0 - 8 5¢5(-16) 4.64(-14) 4.6(-13) 1.2(-12) 2.3(-12) 3.5(-12)
[} - 9 3.0(-16) 640(-14) 7.8(-13) 1.9(-12) 3.1(~-12) 4.3(-12)
(o} - 10 7Te7(-18) Se 1(-15) 144(-13) 4,7(-13) 9.4(-13) 1.5(-12)
o - 11 6e44(-19) 145(-15) 7.5(-14) 3.1(-13) €.8(-13) 1.2(-12)
[« - 12 2+4(-20) 2.6(-16) 2.,8{-14) 1.5(-13) 3.7(-13) 6.8(-13)
1 - o 1.8(-11) 2¢2(-11) 245(-11) 2.5(-11) 2.5(-11) 2.5(-11)
1 - 2 3.0(-11) 4¢6(-11) 5.,7(-11) 6H.1(-11) 6.3(-11) 6.3(-11)
1 - 3 2.6(-11) S5s2(-11) 7+8(-11) 8.9(-11) Ge6(-11) 1.0(-10)
1 - 4 2.0(-12) 6e4(~12) 1e3(-11) 1e7(-11) 2.0(-11) 2.1(-11)
1 - S 5.2(-13) 3¢3(-12) 9.7(-12) 1.5(-11) 2.0(-11) 2.3(-11)
1 - 6 Se2(-14) 640(-13) 243(-12) 4.0(-12) S¢6(-12) 7.0(-12)
1 - 7 9.6(-15) 2.5(-13) 1.6(-12) 3.7(-12) €.9(-12) 8.,0(-12)
1 - 8 3.1(-15) 1e8(-13) 1.3(-12) 2.6(-12) 2.9(-12) S.0(-12)
1 - 9 1.0(-16) 169(-14) 2,9(-13) B8.6(-13) 1.6(-12) 2.5(-12)
1 - 10 2.5(-17) 1¢3(-14) 3.1(-13) 9.3(-13) 1.7(-12) 2.5(-12)

-
1
-
—

S.9(-19) 1o 3(-15) 6.7(-14) 2.8(-13) €.2(-13) lel(-12)

1 - 12 3.5(-20) 3.3(-16) 3.3(-14) 1.7(~-13) 4.1(-13) 7.4(-13)
2 - 0o 2.0(~-11) 2¢4(-11) 2.8(-11) 2.9(-11) 2,0(-11) 3.1(-11)
2 - 1 29(-11) 3e5(-11) 3.9(-11) 4.0(-11) 4.0(-11) 4,0(-11)
2 - 3 3.2(-11) 4¢6(-11) S543(-11) 5.5(-11) S¢6(=-11) S5.7(-11)
2 - 4 1e5(-11) 3e7(-11) S.9(-11) 6.9(-11) 7.7(-11) 8.2(-11)
2 - 5 9.2(-13) 4¢3(-12) 9.8(-12) 1«3(-11) 1.6(-11) 1.8(-11)
2 - 6 242(-13) 2. 0(-12) 6.8(-12) lel1(-11) 1.5(-11) 1.8(-11)
2 - 7 2e7(=-14) 4.8(~-13) 2.1(-12) 3,7(-12) S5¢3(=-12) 6.7(-12)
2 - 8 3.1(-19) 1. 5(-13) 162(-12) 2.8(-12) 4.5(-12) 6.4(-12)
2 - 9 ) 4.4(-16) 601(-14) 6.8(-13) 1e6(~-12) 2¢5(-12) 3.5(-12)
2 - 10 1e7(=-17) 7.8(~15) 1e8(-13) 6+1(-13) 1.2(-12) 2.0(-12)
2 - 11 2¢6(~-18) 401(-15) 166(-13) 5.7(-13) 1¢1(-12) 1.8(-12)
2 - 12 4e4(-20) 3.4(-16) 3.1(-14) 1:6(-13) 4.,0(-13) 7.2(-13)
3 - 0 3.3(-12) 3.9(-12) 4.6{(-12) 5.0(-12) S.2(~-12) 5.4(-12)
3 - 1 3.6(-11) 4.0(=-11) 4.5(-11) 4.,7(-11) 4¢8(=-11) 4.,9(-11)
3 - 2 4.6(=-11) 4s7(-11) 4.5(-11) 4.4(-11) 4:4(-11) 4.3(-11)
3 - a 2e3(=-11) 3.9(-11) 4.8(~-11) Sa.1(-11) Se2(-11) S.3(-11)
3 - 5 8el(-12) 2e6(=11) 4.6(-11) 5.6(-11) 6:3(-11) 6.9(-11)
3 - 6 449(-13) 3e0(-12) 8e0(-12) 1.2(-11) 1e4(-11) le6(-11)
3 - 7 8+5(-14) 1e2(-12) S.i1(-12) 8.8(-12) 1.2(-11) 1.5(~-11)
3 - 8 7e8(-15) 2¢3(-13) 1e8(-12) 2.7(-12) 4.0(-12) S.,2(-12)
3 - 9 649(-16) 7e¢4(-14) 8.5(-13) 2.2(~-12) 3.7(-12) 5.2(-12)
3 - 10 Tel1(=-17) 2.2(-14) 3.3(-13) 1.0(-12) 1.8(-12) 2.6(-12)
3 - 11 2+3{-18) 2.8(-15) 1.1(-13) 4.,2(-13) Sell-13) 1.5(-12)
3 - 12 2¢5(-19) 1.2(-15) 8.5(~-14) 3.7(-13) 7+9(-13) 163(-12)
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TABLE 6—Continued

INITIAL -  FINAL 10.0 K 20.0 K 40.0 K 6040 K 80.0 K 10040 K
4 - 0 2.3(-12) 2.8(-12) 3.5(-12) 4.0(-12) 4.4(-12) 4.,7(-12)
4 - 1 S¢5(=12) 6.2(-12) 7.2(-12) 7.9(-12) 845(-12) 8.8(-12)
a4 - 2 4.3(=11) 4.7(-11) 4,9(-11) S5.1(=11) 5.2{=11) 5.4(-11)
4 - 3 24.6(=11) 4.9(-11) 4.7(=11) 4,6(=11) 4.5(-11) 4&4.5(-11)
4 - 5 1.2(-11)  2.7(-11)  3.9(-11) 4.4(-11) 4.7(-11) 4.8(-11)
4 - 6 542(-12)  1.9(=11) 3.7(-11) 4.8(-11) 5.5(-11) 6.1(=11)
a4 - 7 2.4(=-13) 2,10-12) 6.4(-121 9.6(-12) 1.2(-11) 1.4(-11)
4 - 3 3.6(=14) 8.2(~13) 4.1(-12) 7.6(-12) 1.1(-11) 1.3(~11)
a - 9 1.5(-15)  1.0(=13) 8.9(-13) 2.0(-12) 3.2(-12) 4.3(-12)
a - 10 1.9(-16)  3.9(-14) 641(~13) 1.7(-12) 3.0(-12) 4,4(-12)
a - 11 1.8(=17)  9.7(=15) 2.5(=13) 7.6(=13) 1.4(=-12) 2.1(~12)
a4 - 12 3.9(-19)  1.3(=15) 7.3(-14) 3.2(-13) 7.3(-13) 1.2(-12)
5 - 0 4.5(=13) 4,5(-13) 5,8(-13) 7.6(-13) 9.2(-13) 1.1(-12)
5 - 1 3.8(-12) 4.7(-12) 6.0(-12) 7.1(-12) 8.1(-12) 8u8(-12)
) - 2 7.0(-12) 8.0(=12) 9.0(~12) 9.8(-12) 1.0(-11) 1.1(-11)
5 - 3 4.3(-11) 4.8(=11) 4.9(-11) S.1(-11) Se3(-11) S.4(-11)
) - 4 3.3(-11) 4,0(=-11) 4.3(=11) 4.4(=11) 4.4(-11) 4.4(-11)
s - 6 1.2(~-11) 2.6(-11) 3,7(=11) 4.2(-11) 4.5(-11) 4.6(-11)
5 - 7 3.5(=-12) 1.45(=11) 3.2(=-11) 4,3(-11) S.0(-11) 5.6(-11)
5 - 3 1.3(-13)  1.6(~-12) 5,5(-12) 8.6(-12) 1l.1(-11) 1.3(-11)
5 - 9 1.4(-14) S5.1(-13) 3.3(-12) 6.4(-12) 9.2(-12) 1.2(-11)
5 - 10 S.0(=-16) 5.3(-14) 6.7(-13) 157(-12) 2.7(-12) 3.8(~12)
s - 11 4.7(-17)  2.0(-14) 4,5(-13) 1.4(-12) 2.6(-12) 3.8(-12)
5 - 12 2.2(-18) 3.8(-15) 1,5(-13) 5.4(-13) 1.1(-12) 1.7(-12)

- 0 3.6(-13) 4.8(-13) 7.6(-13) 1.1(-12) 1.3(-12) 1.5(-12)

- 1 103(-12)  1.5(=-12) 1.7(=-12) 2.0(-12) 2.3(-12) 2.6(~12)
6 - 2 5.7(-12) 6.3(=12) 7.5(-12) 8.6(-12) 9.6(-12) 1e1(-11)
6 - 3 9.0(-12)  9.4(-12) 1.0(=11) 1.1(=11) 1.2(-11) 1.2(-11)
6 - a 4.8(=11) 4.9(-11) 4.9(-11) Se1(=11) 5.3(-11) S5.5(-11)
5 - 5 4¢1(-11)  4.5(=11) 445(-11) 4.5(-11) 4.5(-11) 4.5(-11)
6 - 7 6s2(=12) 1.7(-11) 3.0(-11) 3.6(-11) 4.0(-11) 4.2(-11)
6 - 8 2.0(-12) 1.2(-11) 2.8(-11) 3.8(-11) 4.6(-11) S.2(-11)
6 - 9 5.3(-14) 1.0(=12) 4.3(=-12) 7.3(-12) 9.6(-12) 1.1{-11)
6 - 10 6¢6(=15) 3.6(-13) 2.7(-12) 5.6(-12) 8.3(-12) 1a1(-11)
6 - 11 1.6(-16) 3.4(-14) 5.2(-13) 1.4(-12) 2.4(-12) 3.4(-12)
6 - 12 1e3(=17)  1.1(=14) 3.4(-13) 1.2(-12) 2.2(-12) 3,4(-12)
7 - 9 945(-13) 8.2(-13) 7.0(-13) 6.8(-13) 7.0(-13) 7.3(-13)
7 - 1 1.1€-12)  1.20-12) 1.6(=-12) 2.1(-12) 2.6(-12) 3.0(-12)
7 - 2 3.2(-12) 3.0(-12) 3.0(-12) 3.3(-12) 3.7(-12) 4,0(-12)
7 - 3 7.0(=12)  7.4(-12) B8.6(=12) 9.8(=12) 1.1(-11) 1.2(-11)
7 - 4 1.00-11) 140(-11} 141(=11) 1.2(=11) 1.2(-11) 1.3(-11)
7 - 5 5e5(=11) 5.2(-11) Se1(-11) 5.2(~11) S5.4(-11) S.6(-11)
7 - 6 2.8(-11)  3.40-11) 3,9(-11) 4.1(~-11) 4.,2(-11) 4,3(~-11)
7 - 3 Se7(-12) 1.8(-11) 3.1(-11) 3.6(-11) 4,0(-11) 4&.2(-11)
7 - 9 144(-12) 1.0(-11) 2.6{-11) 3.6(-11) 4.3(-11) 4,9(-11)
7 - 10 3.1(-14)  7.6(-13) 3.8(-12) 6.6(-12) 8.9(-12) le1(-11)
7 - 11 2.7(-15) 2.4(=13) 2.3(-12) 5.1(-12) 7.7(-12) 9.9(-12)
7 - 12 5.2(-17) 2.,0(-14) 3.9(-13) 1.2(-12) 2,0(=-12) 2.9(-12)
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TABLE 6—Continued

INITIAL -  FINAL 10.0 K 20.0 K 40.0 K 60.0 K 80.0 K 10040 K
8 - 0 1.5(~13) 1.8(-13) 2.2(-13) 3.0(-13) 3.9(-13) 4.8(-13)
8 - 1 2.10-12)  2.0(-12) 1.8(-12) 1.8(-12) 1.9(=12) 2.0(-12)
8 - 2 2.1(-12) 2.20-12) 2.5(-12) 3.0(-12) 3.6(-12) 4,1{-12)
8 - 3 3.6(-12) 3.3(-12) 3.3(-12) 3.6(-12) 4.0(~12) 4.4(-12)
8 - a 8e5(-12) 9.2(-12) 1.0(-11) 1.1{-11) 1.2(-11) 1.3(-11)
8 - s 1e2(-11) 1.2(-11) 1.2(-11) 1¢3(-11) 1.3(-11) 1.4(=11)
8 - 6 S5e2(=11) Se3(-11) 5.2(=11) 5.3(-11) S5.4(-11) 5.6(-11)
8 - 7 3.3(-11)  4.1(-11) 4.3(-11) 4.4(-11) 4.,4(-11) 4.5(-11)
8 - 9 4.4(-12) 1.5(-11) 2.8(-11) 3.4(-11) 3.8(-11) 4.0(-11)
8 - 10 1.00~12)  847(-12) 2.4(-11) 3.4(=11) 4.1(-11) 4.7(-11)
8 - 11 1.6(-14) 5.7(-13) 3.3(-12) 6.0(-12) 8.2(=12) 1.0(-11)
8 - 12 1e2(-15) 1.7(=13) 2.0(-12) 4.6{-12) 7.1(-12) 9.3(-12)
9 - 0 503(-13) 6.2(-13) 5.8(-13) 5.9(-13) 6.1(-13) 6.5(-13)
9 - 1 4.91-13) 5.4(=13) 6.1(-13) 7.6(-13) 9.4(-13) 1.1(-12)
° - 2 2.2(-12) 2.2(-12) 2.1(-12) 2.2(-12) 2.3(-12) 2.5(~12)
9 - 3 2.5(-12) 2.7(-12) 3.1(-12) 3.7(-12) 4+3(-12) 4.8(-12)
9 - 4 2.6(-12) 2.9(-12) 3.3(-12) 3.3(-12) 4.2(-12) 4.7(-12)
° - s 9.2(-12) 1.00(-11} lel(-11) 1.2(-11) 1.3(~11) 1.4(=11)
9 - 6 1o0(~11)  1e2(=11) 1.2(-11) 1.3(=11) 1.3(-11) 1.a(-11)
9 - 7 5.9(~11) 5.9(-11) S5.6{(-11) 5.5(-11) Se6(-11) 5.8(-11)
9 - 8 3.3(-11)  4.0(=11) 4.2(-11) 4.3(-11) 4.4(-11) 4.4(-11)
9 - 10 3.9(~12)  1.4(-11) 2.7(-11) 3.3(-11) 3.7(-11) 3.9(-11)
9 - 11 549(-13) 7.7(-12) 2.3(-11) 3.4(-11) 4.1(-11) 4.6(-11)
9 - 12 B.2(-15) 4.1(=13) 2.7(-12) S5.2(-12) 7.3(-12) 9.0(-12)
10 - o 1.5(-13)  1.6(-13) 1.7(-13) 1.9(-13) 2.2(-13) 2.6(-13)
10 - 1 101(=12)  1.1(=12) 1.2(-12) 1.1(-12) 1.2(-12) 1.3(-12)
10 - 2 844(-13) 8.4(-13) 9.2(-13) 1.1(-12) 1.3(-12) 1.6(-12)
10 - 3 2.4(-12) 2.4(-12) 2.3(-12) 2.4(-12F 2.6(-12) 2.8(-12)
10 - 4 3.2(-12)  343(-12) 3.7(-12) 4.3(-12) 4.9(-12) 5.4(-12)
10 - 5 3.20-12)  3.3(-12) 3.7(-12) 4.2(-12) 4.6(-12) S.1(-12)
10 - 6 1e2(-11)  1.2(-11) 1e2(-11) 143{~11) 1.4(=11) 1.5(-11)
10 - 7 1e3(-11)  143(-11) 1.3(=11) 1.4(-11) 1.4(-11) 1.5(-11)
10 - 8 7el(~11) 6.6(-11) 6.0(-11) S5.8(-11) Se8(=11) 5.9(-11)
10 - 9 3.7(-11)  8.2(-11) 4.4(-11) 4.4(-11) 4.4(~-11) 4.5(-11)
10 - 11 3010-12)  1.2(-11) 2.40-11) 341(-11) 2.5(=11) 3.8(-11)
10 - 12 4.4(-13) 645(-12) 2.2(=11) 3.2(-11) 4.0(=11) 4.5(-11)
11 - 0 1.5(-13)  1.5(-13) 1.6(-13) 1.8(-13) 2.1(-13) 2.4(-13)
11 - 1 3.40-13)  3.6(-13) 4.0(-13) 4.7(-13) 5.5(~13) 6.3(-13)
11 - 2 1.5(-12)  1.5(-12) 1.4(-12) 1.5(-12) 1.6(-12) 1.7(-12)
11 - 3 9+5(=13)  9.9(-13) 1.1(=12) 143(-12) 1.6(~12) 1.9(-12)
11 - a4 2.8(=12) 2.8(=12) 2.6(-12) 2.,7(-12) 2.9(-12) 3,0(~-12)
1t - s 3.7(-12)  3.9(-12) 4.3{-12) 4.,9(-12) S.5(-12) 6.1(-12)
11 - 6 3.5(-12)  3.8(-12) 4.2(-12) 4.6(-12) S.1(=12) 5.5(-12)
11 - 7 1.3(-11)  1.4(=11) 1.40-11) 1.5(-11) 1.5(=11) 1.6(-11)
11 - 8 1.4(=11)  144(=11) 14(-11) 1.4(-11) 1.5(-11) 1.5(-11)
11 - 9 7.9(=11)  7.5(-11) 6.7(~11) 6.3(~-11) €.2(-11) 6.3(~11)
11 - 10 3.7(-11)  4.1(-11) 4.2(-11) 4.3(=11) 4.4(=11) 4.5(-11)
11 - 12 2.4(-12)  1.0(-11) 2.2(-11) 2.8(-11) 3¢3(-11) 3.6(-11)
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TABLE 6—Continued

INITIAL - FINAL 10.0 K 20.0 K 40.0 K 60,0 K 800 K 100.0 K
12 - (o} 8 .8(-14) 9s I —-14) 1.1(-13) 1¢3(-13) 1.5(-13) 1+7(-13)
12 - 1 3.2(-13) 3.4(-13) 3.6(-13) 4.1(-13) 4,7(-13) 5.4(-13)
12 - 2 4.1(-13) 4¢6(—13) S5.1(-13) 6.1(-13) 72(~13) 8.4(-13)
12 - 3 1.6(-12) 1. 7(-12) 1.6(-12) 1e7(-12) 1.8(-12) 2.0(-12)
12 - 4 le3(-12) le4(~-12) 1e4(-12) 1e7(-12) 1.9(-12) 2.2(-12)
12 - 5 2.7(-12) 2.8(-12) 2¢7({-12) 2.8(-12) 3.,0(-12) 3.2(-12)
12 - 6 4e4(~-12) 4.8(—-12) Se1(-12) 5.7(-12) 6.2(-12) 6.7(-12)
12 - 7 4.0(-12) 4.2(-12) 4.5{-12) 4.9(-12) 5¢3(-12) S.7(-12)
12 - 8 1e5(-11) le6(-11) 1.6(-11) 1le6(-11)} 1.7(~-11) 1.7(-11)
12 - 9 1.5(-11) 1.5(-11) lea(-11) lea(-11) 1.5(~-11) 1.5(-11)
12 - 10 8e¢3(-11) 8e2(-11) 7¢2(-11) 647(-11) 6+6(~-11) 64.5(-11)
12 - 11 3.8(-11) 3.9(-11) 4.0(-11) 4.2(-11) 4.3(-11) 4.4(-11)
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TABLE 7
CoLLISION RATE CONSTANTS (in units of cm® s~1) As A FUNCTION OF KINETIC TEMPERATURE OCS-H; (J = 0)

INITIAL - FINAL 10,0 K 20.0 K 400 K 60 +0 K 80.0 K 100.0 K
o - 1 1et(-10) 1.0(-10) 1.0(-10) 1.0(~-10) 9.9(-11) 9.7(-11)
o - 2 2¢3{=-10) 2+5(-10) 2.6(-10) 2.6(-10) 2.6(-10) 2.6(-10)
0 - 3 3.0(-11) 4.6(-11) 6.9(-11) 7.9(-11) 8.4(-11) 8.6(~-11)
(o} - 4 8.8(-11) 1.2(-10) 1e3(-10) 1.3(-10) 13(-10) 143(-10)
o - S 1e5(-11) 2+45(-11) 3.4(-11) 3.8(-11) 4,0(-11) 4.2(-11)
0o - 6 1.5(-11) 24 8(-11) 4.3(-11) 5.3(-11) 6.0(-11) 6.5(-11)
(o} - 7 444(-12) 8e9(-12) 1e2(-11) 1e3(-11) lea(-11) 145(-11)
0 - 8 3.,4(-12) 1.0(-11) 1e8(-11) 2.4(-11) 2.9(-11) 3.3(-11)
o - 9 1.6(-12) Se2(~-12) 8.9(-12) 1.0(-11) 1e1(=-11) 1e2(-11)
[o} - 10 846(-13) 4e2(=12) 9.0(-12) 1.2(-11) le4(C-11) 1e6(-11)
(o} - 11 8e2(-13) 5. 8(-12) leda(-11) 1.9(-11) 2e1(-11) 2.2(-11)
0 - 12 1e6(-13) 163(-12) 3.3(-12) 4.6(-12) 5.6(-12) b6.6{-12)
1 - (o} 3.9(-11) 3.6(-11) 3e4(-11) 3.4(-11) 3.3(-11) 3.3(-11)
1 - 2 8.2(~11) 8e8(-11) 9.7(-11) 1.0(~-10) 1.0(-10) 1.0(-10)
1 - 3 1.9(-10) 241(=10) 2+1(-10) 242(-10) 2.1(-10) 2+1(-10)
1 - 4 2.6(-11) 4.2(-11) S.9(-11) 6.6(-11) €.9(-11) 7.,0(-11)
1 - 5 S5e2{-11) 7.5{-11) 9.2(-11) 9.9(-11) 1.0(-10) 1.0(-10)
1 - 6 9.6(-12) 1e7(—=11) 2.3(-11) 2.6(-11) 2.8(-11) 3.,0(-11)
1 - 7 F.6(-12) 2.1(-11) 3¢3(-11) 4.0(-11) 4.6(-11) Sel(-11)
1 - 3 2.9(-12) Te3(-12) 1el(-11) 1¢2(-11) 1e3(-11) 1.6(-11)
1 - 9 243(-12) Te7(-12) le4(-11) 1.8(-11) 2.2(-11) 2.5(-11)
1 - © 10 le2(-12) Se6(—-12) lel(-11) 1.4(-11) 1.6(-11) 1e7(-11)
1 - 11 3.7(-13) 245(-12) 6.1(-12) 8.3(-12) Le0(-11) 1.2(-11)
1 - 12 4.0(-13) 4.0(-12) le2(~-11) 1le7{(~-11) 2.0(-11) 2.2(-11)
2 - o Se5(-11) SeS{—=11) SeS(-11) 5.4(-11) Sea(-11) 5¢3(-11)
2 - 1 Se5(-11) Sed(-11) 6.0(-11) 6.2(-11) 6.3(-11) 6.2(-11)
2 - 3 8el(-11) 8e7(-11) 944(-11) 9.7(-11) Ge7(=11) 9,7(-11)
2 - 4 1e4(~-10) 1+6(-10) 1.8(-10) 1.8(-10) 1.9(-10) 1.9(-10)
2 - 5 1.9(-11) 3.1(-11)  4.6(-11) 5.2(-11) Se5(-11) 5.,7(-11)
2 - 6 3e5(-11) Se7(~-11) 7Te4(-11) 8.1(-11) 8.4(-11) B8.6(-11)
2 - 7 6.2(-12) 1e3(-11) 1.9(-11) 2.2(-11) 2e4(-11) 2.6(-11)
2 - 8 S5¢6(-12) 165(-11) 2.6(-11) 3.3(-11) 3.8(-11) 4.2(-11)
2 - 9 2e.4(-12) Te7(-12) 1.3(-11) 1.5(-11) 1.7(-11) 1.8(-11)
2 - 10 1.0(-12) 446(-12) 9.8(-12) 1.3(-11) Le6(-11) 1.9(-11)
2 - 11 7eH6(=13) 449(-12) le2(-11) 1.5(-11) 1e7(-11) 1.9(-11)
2 - 12 2¢3(-13) 2¢0(~-12) 5.3(-12) 7,4(-12) 9.,0(-12) 1.0(-11)
3 - 0 6e0(=-12) 7.8(-12) lel(-11) 1e2(-11) 1e3(=11) 1.3(-11)
3 - 1 1e1(-10) 16 C(=10) 9.9(-11) 9.7(-11) 9.6(-11) 9.4(-11)
3 - 2 649(-11) 6.8(-11) 7.0(-11) 7.1(-11) 7e¢1(-11) 7.0(-11)
3 - 4 6e3(-11) 7¢2(-11) 8.,2(-11) 8.,6(-11) 8.8(-11) 8.8(-11)
3 - S 1.2(-10) 1.5(-10) 1.6(-10) 1.7(-10) 1¢7(-10) 1.7(-10)
3 - 6 1.8(-11) 3.0(-11) 4.4(-11) 4.9(-11) S.2(-11) 5,.3(-11)
3 - 7 2e5(-11) 4.7(-11) 6.a4(-11) 7e1(-11) 7e4(-11) 7.6(-11)
3 - 8 S5e3(-12) 1e3(-11) 2.1(-11) 2.,5(-11) 2.6(-11) 2.8(-11)
3 - 9 3.8(~12) 1e2(-11) 2.1(-11) 2.7(-11) 3.2(-11) 3.5(-11)
3 - 10 1e6(-12) 6.6(-12) 1.3(-11) 1.6(-11) 1.8(=-11) 1.9(-11)
3 - 11 6e4(-13) 3.7(-12) 8.6(-12) 1.2(-11) 1e5(=-11) 1.7(-11)
3 - 12 4.0(-13) 3.2(-12) 8.8(-12) 1.2(-11) 1e4(-11) 1.6(-11)
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TABLE 7—Continued

INITIAL - FINAL 10.0 K 20.0 K 40.0 K 60.0 K 80.0 K 100.0 K
4 - ] 1.8(-11) 167(-11) le7(-11) Le6(-11) 1e6(-11) 1.6(-11)
4 - 1 1.5(-11) 1¢8(-11) 2.2(-11) 2.4(-11) 2.5(-11) 2.5(-11)
4 - 2 1.2(-10) 1.1(-10) 1.1(-10) lLel(-10) 1.1(-10) 1.,1(-10)
4 - 3 6e2(-11) 6e3(-11) 6.8(-11) 7.0(-11) 7.0(-11) 7.0(-11)
4 - S 6¢7(-11) Tv6(-11) 8e4(-11) B8.7(-11) 8.8(~-11) B8.7(-11)
4 - 6 1.0(-10) 1.3(-10) 1.5(-10) 1¢5(-10) 1.6(-10) 1e6(-10)
4 - 7 1Le6(-11) 2.9(-11) 4.3(-11) 4.9(-11) Se2(-11) 5.3(-11)
4 - 8 1.8(-11) 400(-11) Se7(-11) 6.4(-11) €e7(-11) 609(-11)
4 - 9 3.9(-12) lel(=-11) 2.,0(-11) 2.4(-11) 2.6(-11) 2.8(-11)
4 - 10 244(-12) 9.4(-12) 1.9(-11) 2.5(-11) 2.9(-11) 3.2(-11)
4 - 11 9.2(~-13) 4.9(-12) lell~-11) le4(~-11) 1e5(-11) 1e7(-11)
4 - 12 4.0(-13) 3.0(-12) 7.9(-12) 1.2(-11) 1.5(-11) 1e7(-11)
S - (o} 343(-12) 3.5(~-12) 3.8(-12) 4.0(-12) 4.1(-12) 4,2(-12)
5 - 1 3.2(-11) 3.1(-11) 3.1(-11) 3.1(-11) 3.1¢(-11) 3.0(-11)
) - 2 le7(-11) 240(-11) 245(-11) 2.7(-11) 2.7(-11) 2.8(-11)
5 - 3 1.3(-10) 1.2(-10) 1.2(-10) 1.2(-10) 1.1(-10) le1(-10)
) - 4 7e3(-11) 7.2(-11) T7ed4(=-11) 745(-11) 7e4(-11) 743(-11)
5 - 5 6.1(-11) 7el1(-11) 8s2(-11) Re6(-11) B.7{-11) 8.7{(-11)
S - 7 .8.2(—11) 1.2(-10) le4(-10) 1e4(-19) 1.5(-10) 1.5(-10)
5 - 8 1e4(-11) 2¢7(-11) 4e1(-11) 4.8(-11) Sel(-11) 5.3(-11)
S - 9 Led4(-11) 3.5(-11) S5.3(-11) 6+40(~-11) €¢3(-11) 6.5(~11)
S - 10 2.8(-12) 9e6(-12) 1e7(-11) 2.1(-11) 2.4(-11) 2.6(-11)
S - 11 1.7(-12) Te7(-12) 1e7(-11) 2.3(-11) 2.7(-11) 3.1(-11)
5 - 12 Se3(-13) 3.3(-12) 7.9(-12) 1el(-11) 1.2(-11) lea(-11)

- o] 3.9(-12) 4.0(-12) 4¢5(-12) S.0(-12) Sea4(-12) 5.6(-12)

- 1 7.1(-12) 7.0(-12) 7.2(-12) 7.4(-12) 7:¢5(-12) 7.7(-12)
6 - 2 3.8(-11) 3.7(-11) 3.7(-11) 3.7(-11) 3.7(-11) 3.7(-11)
[ - 3 2¢4(-11) 2.5(-11) 249(-11) 3e1(-11) 3.1(-11) 3.1(-11)
6 - 4 1.3(-10) 142(-10) 1.2(-10) 1.2(-10) 1.2(-190) 1.2(-10)
6 - S T7e3(-11) 7.2(-11) 7e6(-11) Te7(-11) Te7(-11) 7e6(-11)
6 - 7 S5.8(-11) 7e4(—11) B8e5(-11) 8.9(~-11) 9.0(-11) 8.9(-11)
6 - 8 7e1(-11) lel(~-10) 1.3(~-10) 1.4(-10) 1.4(-10) 1.4(-10)
6 - 9 Fe3(-12) 2e2{(-11) 3.7(-11) 4.4(-11) 4.8(-11) 4.9(-11)
6 - 10 1.0(-11) 3.0(~-11) 4.8(-11) 5.6(-11) 6.0(-11) 6.2(-11)
6 - 11 1.3(-12) 7e1(-12) 1e4(-11) 1.8(-11) 2.0(-11) 2.2(-11)
6 - 12 lel{-12) 6+2(-12) 1.5(-11) 2.1(-11) 2.5(-11) 2.9(-11)
7 - 0o 1e5(-12) 1.3(-12) 1.2(~-12) 1e1(=-12) 1.2(-12) 1e2(-12)
7 - 1 9.3(-12) Qe 2(-12) 9.7(-12) 1tel(-11) lel(-11) 1e2(-11)
7 - 2 B3.9(-12) Fel1(-12) 9e4(-12) 9Je5(-12) 9.7(-12) 9.8(-12)
7 - 3 4.3(-11) 4.2(-11) 4,1(-11) 441(-11) 4.1(-11) 4.1(-11)
7 - 4 2e8(-11) 3.0(-11) 3.4(~-11) 3.5(-11) 3.5(-11) 3.5(-11)
7 - 5 1.3(-10) 1.2(-10) 1e2(-10) 1.2(-10) 1e2(-10) 1.2(-10)
7 - 6 7.6(-11) 7+8(-11) Be2(-11) B843(-11) 8¢2(-11) 8.1(-11)
7 - 8 4+3(-11) 6¢5(-11) 8.0(-11) B.6(-11) 8.7(-11) 8.7(-11)
7 - 9 5+3(-11) 9. 7(-11) 1.2(-10) 1.3(-10) 1.4(-10) 1.4(-10)
7 - 10 8+3(-12) 2¢1(-11) 3.4(-11) 4.1 (-11) 4e4(-11) a4.,6(-11)
7 - 11 8e1(-12) 2,6(-11) 4,4{-11) 3.2(-11) Se7(-11) 5.9(-11)
7 - 12 1.2(-12) S«5(-12) 1.2(-11) 1e6(-11) 18(-11) 2.0(-11)
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INITIAL - FINAL 100 K 20.0 K 4040 K 60.0 K 80.0 K 100.0 K
2] - o} 1.6(-12) le7(-12) 1.8(-12) 2.0(-12) 242(~12) 2.4(-12)
8 - 1 4.0(~-12) 3.6(-12) 3.2(-12) 3.0(-12) 3.0(-12) 3.0(-12)
8 - 2 1e1(-11) 1.2(~-11) 1+2(-11) 13(-11) 1.4(-11) 1.5(-11)
3 - 3 1.2(-11) 1e3(-11) 1.3(-11) 1e4(-11) lea(-11) 1ea(-11)
L} - 4 4.4(-11) 4.5(-11) 4e4(~11) 4.4(-11) 4.3(-11) 4,3(-11)
8 - S 3.0(-11) 3.2(-11) 3.6{(-11) 3.8(-11) 3.8(-11) 3.8(-11)
8 - 6 1.3(-10) 143(~-10) 1e2(-10) 1.2(-10) 1.2(-10) 1.2(-10)
8 - 7 6e7(-11) 7.3(-11) 3,0(—-11) 8.2(-11) Bel{-11) 8.0(-11)
8 - 9 4.5(~11) 6,3(-11) 7.9(-11) 8.4(-11) 8e6(-11) B8B.5(-11)
8 - 10 5.2(-11) 9s 3(-11) 1.2(-10) 1.3(-10) led4(~-10) le4(-10)
) - 11 6.4(-12) 1e7(=-11) 3.1(-11) 3.8(-11) 4.1(-11) a4.3(-11)
3 - 12 6.0(-12) 2.2(-11) 44.1(-11) 4.9(-11) Sed(-11) 5.6(-11)
9 - 0 1.1(-12) Le0(—-12) 9.0(-13) 8.4 (-13) 841 (-13) 7.9(~13)
9 - 1 4.7(-12) 4.4(-12) 4.,2(-12) 4.4(-12) 4.8(-12) S.2(-12)
9 - 2 7e¢3(-12) 7.0(-12) 6.4{-12) 6.1(-12) 6.0(~-12) S5.9(-12)
9 - 3 1e4(-11) 13(-11) lea(-11) 1.5(-11) 1e6(-11) 1.6(-11}
9 - a 1.4(-11) 1e5(-11) le6(~11) 1.6(-11) le6(-11) 1.6(-11)
9 - 5 4.8(-11) 449(-11) 447(-11) 4.,6(~-11) 4¢6(-11) 4.5(-11)
9 - 6 206(~-11) 3.0(-11) 3.6(-11) 3.8(-11) 3.9(-11) 3.9(-11)
] - 7 1.2(-10) 1.3(-10) 1¢2(-10) 1e2(-10) 1.2(-10) 1.2(-10)
9 - ) 63(-11) 7¢3(-11) Be0(-11) 8+2(-11) 8.2(-11) 8.1(-11)
9 - 10 4.2(-11) 6e1(-11) Te7(-11) B8.3(-11) 8s4(~-11) B8.4(-11)
o - 11 4s4(-11) Be4{~-11) 1+1(-10) 1.2(-10) 1.3(-10) 1+3(-10)
9 - 12 Se9(~-12) 1.6(~11) 3.0(-11) 3.6(-11) 4.0(-11) 4a,2(~-11)
10 - 0o 1.0(-12) 1.0(-12) 9e5(-13) 9.7(-13) 1.0(~-12) 1.1(-12)
10 - 1 440(-12) 3.8(-12) 346(-12) 3e5(-12) 3.4(-12) 3.3(-12)
10 - 2 Sel1{-12) 5. 0(-12) S5.0(-12) S5e3(-12) Se7{-12) 6.2(-121
10 - 3 Fel(-12) Fe 2(~12) 3e8(-12) B.6(~-12) 8.5(-12) 8.5(-12)
1 - 4 lea(-11) 1.5(-11) le6{-11) 1e7(-11) 1le7({~-11) 1.8(-11)
10 - 5 1.5(-11) 1+6(-11) 1e6(-11) 1e7(-11) 1e7(-11) 1.7(-11)
10 - 6 4.7(-11) S+ 0(=11) 4.9{-11) 4.8(-11) 4,8(-11) 4.,7(-11)
10 - 7 3.0(-11) 3.2(-11) 3.6(-11) 3.80-11) 3.8(-11}) 3.8(-11)
10 - 8 . 1.3(-10) 1.3(-10) 13(-10) 1.3(~10) 1.3(-10) 1.2(~-10)
10 - 9 648(-11) 7e4(-11) B8.1(~-11) 8.2(-11) 8.2(-11) 8.0(-11)
10 - 11 4.0(-11) 6. 0{—=11) 7.8(-11) 8ea4(~-11) 845(~-11) B8.,5(-11)
10 - 12 3¢9(~11) 7.8(~-11) 1el1(~10) 1.2(-10) 1.3(-10) 1.3(-10)
11 - ¢} 1e7(~-12) 1. 7(=-12) 1e6(-12) te5(-12) 1.5(-12) led4(-12)
11 - 1 242(-12) 2.2(-12) 2.0(-12) 2.0(-12) 2.1(-12) 2.2(-12)
11 - 2 HeS(—-12) 6. 7(-12) 6H.4(-12) 6.2(-12) 6.0({-12) S.9(-12)
11 - 3 6.5(~-12) 604{-12) 643(-12) 6.6(-12) 7+0(-12) 745(-12)
11 - 4 9.5(-12) 96 8(—-12) 9¢3(-12) 9.1(-12) Sel(-12) 9.2{-12)
11 - S Len(-11) le6(-11) le7(-11) 1.3(~11) 1e9(-11) 2,0(-11)
11 - 6 ted{-11) 1e5(-11) 1.5(-11) 1e6(-11) Le6{(-11) 1e6(-11)
11 - 7 449(-11) Sel(-11) 5.0(-11) 4.9(-11) 4.9(-11) 4.8(-11)
11 - 8 2.7(-11) 3.1(-11) 3.5(-11) 3.7(-11) 3.8(-11) 3.,8(-11)
11 - 9 1.2(-10) 13(-10) 143(-10) te3(~-10) 1.2(-10) 1e2(-10)
11 - 10 649(-11) T7e5(-11) 8.3(-11) B3.5(-11) Be4(—-11) 84+3(-11)
11 - 12 3.5(-11) Se8(-11) 7e7(—11) B.4(-11) 8+6(~-11) 8.6{(-11)
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TABLE 7—Continued

INITIAL - FINAL 100 K 2040 K 4040 K 60.0 K 80.0 K 100.,0 K
12 - (¢} 6e1(-13) Se1(-13) 4.1(-13) 3.9(-13) 4.0(~-13) 4.2(-13)
12 - 1 43(~-12) 4.5(-12) 4,4(-12) 4.3(-12) 4.2(-12) 4.1(~12)
12 - 2 3.7(-12) 3.5(-12) 3.2(-12) 3.1(-12) 3.1(~-12) 3.2(-12)
12 - 3 7.4(-12) 7e4(-12) 7.0(-12) 649(-12) 6.8(-12) 6+8(~12)
12 - 4 7e¢6(-12) 7. 71(-12) Te7(—-12) B8al{-12) 8¢6(-12) 9.1(-12)
12 - S 9e3(-12) Fe2(~-12) Be7(-12) B8.5(-12) 8.6(-12) 8.,7(-12)
12 - 6 1.6(-11) 1Le7(~11) 1.8(-11) 1e9(-11) 2.0(~-11) 2.1(-11)
12 - 7 1.4(-11) led(-11) 1.5(-11) 1.5(-11) 1e6(-11) 1.6(-11)
12 - 8 4.8(-11) Sel(-11) Sst(-11) S.0(-11) S.,0(~-11) 4.9¢(-11)
12 - 9 3.1(-11) 3.3(-11) 3.6(-11) 3.8(-11) 3.9(-11) 3.9(-11)
12 - 10 1.3(-10) 1¢3(-10) 1+3(~-10) 1¢3(-10) 1.2(-10) 1.2(~-10)
12 - 11 6e6(-11) 7e5(-11) 8eS5(~11) Be7(-11) 8+.6(-11) B8.5(-11)
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TABLE 8
CoLLISION RATE CONSTANTS (in units of cm?® s~*) As A FUNCTION oF KINETIC TEMPERATURE HC;N-He

INITIAL - FINAL 10.0 K 20.0 K 40.0 K 80.0 K
0 - 1 1.1(-10) 1.3(-10) 1.2(-10) 1.4(-10)
0 - 2 5¢5(-11) 5.9(-11) 6.0(-11) 7.3(-11)
0 - 3 3.8(-11) 4.3(-11) 4,5(-11) 6e1(-11)
0 - 4 3.2(-11) 3.8(-11) 4.4(-11) Se3(-11)
0 - s 1.8(-11) 3.3(-11) 3.,9(-11) 3.4(-11)
0 - 6 1e2(-11) 2.,0(-11) 3.4 (-11) 4.2(-11)
0 - 7 6.2(-12) 2,0(-11) 3.7(-11) 4.7(-11)
o - 8 1e7(-12) 9.9(~-12) 1.8(-11) 3.0(-11)
0 - 9 6.00-13) 6.7(=12) 1.7(-11) 2.70-11)
o - 10 4,0(-13) 1.70-12) 1.2(-11) 1.6(-11)
) - 11 0.0( 0) 1.0(-12) 7.8(-12) Le6(-11)
) - 12 0.0( 0) 6.8(-13) 3.8(-12) 1e4(-11)
o - 13 0.0( 0) 1.0(-13) 2.4 (-12) tel(~11)
0 - 14 0.0( 0) 1.0(-13) 1e7(-12) 9.2(-12)
) - 15 0.0 0) 0.0( 0) 1.0(-12) 7.5(~12)
0 - 16 0.0( 0} 0.0( 0) 2.0(-13) 3.5(-12)
0 - 17 5,00 0) 0.0 0) 3.0(-13) 2.9(-12)
0 - 18 0.01 0) 0.0( 0) 2.0 0) 2.6(-12)
0 - 19 0.0 0) 0.0( O) 2.0(-13) 2.4(-12)
o - 20 0.0( 0) 0.0 0) 0.0( 0) 3.0(-13)
0 - 21 n.00  0) 0.0( 0) 0.0C 0) 640 (-13)
0 - 22 c.0( 0) 0.00 9 0.2( 0) 640 (=13)
0 - 23 0.0( 0) 0.0( 0) 0.0( 0} 0.0( 0)
1 - 0 3.7(-11) a.3(-11) 4.2(-11) 4.,9(-11)
1 - 2 1.1(-10) 1.1(-10) 1.2(=19) 1.4 (=10)
1 - 3 5¢7(-11) 5.5(-11) 7.2(-11) 7.8(-11)
1 -~ 4 3.9(-11) 445(~11) Se5(-11) 6.6(-11)
1 - 5 2.5(-11) 3.7(-11) 4.9(-11) 5.6(-11)
1 - 6 1.3(-11) 2.9(~-11) 4.9(-11) 5.2(-11)
1 - 7 7.0(-12} 1e8(-11) 3.0(-11) 4.0(~11)
1 - 8 2.6(~12) 1el(=11) 2.7(-11) 3.3(-11)
1 - 9 1e1(-12) 5.9(=12) 1.8(-11) 2.6(~11)
1 - 10 5.0(-13) 3.5(-12) 1e2(-11) 2.0(-11)
1 - 11 1.7(-13) 1.6(—~12) 3.6(-12) 1.3(-11)
1 - 12 0.0( 0) 3.1(-13) Se7(-12) 1.5(-11)
1 - 13 n.00 0 5.0{-173) 2e7(-12) 7.2(-12)
1 - 14 0.0( Q) 0.9 0) le4(=12) 7.0(-12)
1 - 15 0.9 0) 0,00 0) 1e1(-12) Se2(=12)
1 - 16 0.0l 0) 0.0( 0) 9.0(-13) 4,2(-12)
1 - 17 0.00 0) 0.2C 0) 3.0(-13) 2.5(-12)
1 - 18 0.2( 0) 0.3( 0} 2.5(-13) 1.3(-12)
1 - 19 0.0 0) 0.00 0) 1.0(-13) 1.3(-12)
1 - 20 0.0( 0) 0.0( 0} 1.0(~13) 5.0 (—13)
1 - 21 0.0 0) 0.0( 0) 0.0( 0} 1e1(-12)
1 -~ 22 0.0 0) 0.0( 0) 0.0¢( 0) 2.0(-13)
1 - 23 .00 0) 0.0( 01 0.0( 0) 2.9(-13)
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2 - 0 1.3(-11) 1e3(-11) le3(-11) 1.5(-11)
2 - 1 6.9(-11) 7.0(-11) 7.5(-11) B.6(=11)
2 - 3 2.3(-11) 1.1(-10) 1.2(-10) 1.3(-10)
2 - " 4e6{=11) Se2(=11) 5e8(=11) 7.5(-11)
2 - 5 3.0(-11) 3.9(-11) 4.9(-11) 6e2(-11)
2 - 6 1.5(-11) 3.00-11) a.2(-11) Se2(-11)
2 - 7 9.9(-12) 2.2(-11) 3.6(-11) 3.9(-11)
2 - 8 5.0(-12) 1eal-11) 2.20-11) 4.0(-11)
2 - g 2.50-12) 9.5(-12) 2.2(-11) 3e10-11)
2 - 10 S5.7(-13) 4.5(-12) 1e3(-11) 2.40~11)
2 - 11 3.0(-13) 2.6(-12) 8.8(-12) 2.0(-11)
2 - 12 0.2C 0) 9.9(-13) 640 (~12) 1e8(-11)
2 - 13 0.00 0) 3.0(-13) a.a(-12) 1el(=11)
2 - 14 0.0( 0} 3.0(-13) 1.9(-12) 846(=-12)
2 - 15 0.0( 0) 1.5(-13) 1e7(-12) Be7(=12)
2 - 1e 0.9( 0) 0,00 0) 5.0(-13) 5.9(-12)
2 - az 0.0( 0) 9.00 0) 4.0(-13) 5.4 (-12)
2 - 18 0.0( 0) 2.00-13) 0.0( 0) 1.7(-12)
2 - 19 0.0 0) 0.0¢ 0) 2.0(-13) 2.5(-12)
2 - 20 0.00 0) 0.0( 0) 2.0(-13) 1.0(-12)
2 - 21 0.0( 0) 0.0( 0) 0.0( 0) 1.2(-12)
2 - 22 0.0( o) 0.0( 0) 0.0( 0) 6.0 (-13)
2 - 23 0.0( 0) 0.0( 0) 0.0( 0) 4.0(-13)
3 - o 7.0(-12) 7.01-12) 59 (-12) 9.0(~12)
3 - 1 3.0(=11) 2.6(-11) 3.2(-11) 3ea(-11)
3, - 2 7.6(-11) B.S(-11) Be6(-11) 9.4(-11)
3 - 4 7.9(-11) 1.0(-10) 1e1(=-10) 1.3¢-10)
3 - 5 4.10-11) 5.1(-11) 540(=11) 7.7(~-11)
3 - 6 2.4(-11) 3.7(-11) 4.h(=11) 5.2(-11)
3 - 7 1e6(-11) 2.4(-11) 3.5(-11) 3a5(=11)
3 - 8 6e7(-12) 1e6(-11) 2.8(-11) a.4(-11)
3 - 9 3.5(=-12) 1e3(-11) 2.1(=11) 3.30-11)
3 - 1o 1ed(-12) S.4(-12) 1.7(=11) 2.8(-11)
3 -1 4.0(-13) 3.7(-12) 1.2(-11) 1.9(-11)
3 - 2 2.2(-13) 1.2(-11) Be5(=12) Le7(~11)
3 - 13 0.0( 0) 640(=13) 4.7(-12) 1.3¢-11)
3 - 1a 0.0( 0) 1.0(=13) 3.0(-12) 1.0(=11)
3 - 1s 0.0( 0) 2.7(-13) 2.0(-12) 5.2(-12)
3 - 16 0.0 0) n.0( 0) 9.0(-13) 7.0(-12)
3 - 17 0.0C 0) 0.0( 0) 1.0(-12) 3e4(-12)
3 - 18 0.0( o) 0.0( 0) 2.0(-13) 1.9(-12)
3 - 19 0.9 0) 0.0( 0) 1.0(-13) 3.3(-12)
3 - 20 0.0( 0) 0.0( 0) 1.2(~13) 2.5(-12)
3 - = 0.0( 0) 0.0( 0) 1.0(-13) 7.0(-13)
3 - 22 0.0( 0) 0.0( 0) 0.0 ) 7.0(-13)
3 - 23 0.0( 0) 0.0( 0} 0.0( 0) 4.,0(~13)
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INITIAL -  FINAL 10.9 K 20.0 K 40.0 K 80.0 K
4 - o 545(-12) 53¢(-12) Se4(-12) 643(-12)
4 - 1 le9(-11) 1.8(-11) 2.0(-11) 2.3(-11)
4 - 2 3ea(~11) 3.4(—-11) 4.1 (-11) 4.4(-11)
4 - 3 7e3(~-11) Be6(~11) F.1(-11) 1.0(-10)
4 - ) 7.4{-11) 9.5{(-11) 1.1(~-10) 1.2(-10)
4 - 6 3.53(-11) 4.4(-11) Se8(-11) 7e1(-11)
a - 7 1e7(-11) 3e1(-11) 4.5(-11) S5e4(-11)
a4 - 8 1o1(-11) 2.2(-11) 3.4(-11) 441 (~-11)
4 - 9 7.0(-12) 1e6(-11) 2e4(-11) 3.9(-11)
4 - 10 2+5(-12) 9.3(~-12) leB(=11) 3.0(=~11)
4 - 11 1.0(-12) 4.0(-12) 1e5(-11) 2.¢3(-11)
4 - 12 4.4(-13) 2e6(-12) Fe5(—12) 2.2(~11)
4 - 13 3.0(-13) FeN(-13) 6e4(-12) 1.6(-11)
4 - 14 0.0( ) 6.0(-13) 4e1(-12) 1e1(~-11)
4 - 15 0.4 0( 0) 3.2(-13) 2e3(-12) 5¢2(-12)
4 - 16 0 04 o) 2.0(-13) 1e7(-12) 643(~-12)
4 - 17 0.0¢( Q) 0.0¢( 0) le2(~12) 4.8(~12)
4 - 18 0. 0¢( Q) 0.0¢( 0} 5¢0(-13) 3.41(-12)
4 - 19 0.0( ) 0.0¢( o) 2.0(~13) 2.9(~-12)
4 - 20 0.4 0( 0) 0.0¢( 0) 1.0(-13) 245(~12)
a4 - 21 0. 0( 0} 0. Of o) 1.0(-13) 2.0(-12)
4 - 22 C.0¢( Q) 0.0¢( o} } 0.0( 0) L.0(-12)
4 - 23 0. 0( 0) 0e0( 0) 0«0C 0) 1e4(-12)
S - [} 3.1(~-12) 4.1(-12) 4.1(-12) 3.3(-12)
S - 1 143(-11) 1e4(-11) 1eS5(~-11) 1e6(-11)
S - 2 20 3(-11) 243(-11) 2:5{(-11) 3.0(-11)
S - 3 3e8(-11) 4.0(-11) 4.2(-11) Se1(=-11)
S - 4 7.5(-11) 8.6(-11) 9e.a(-11) 1.2(-10)
) - 6 645(-11) 8.,9(-11) 1.0(-10) 1.2(-10)
S - 7 3.4(-11) 4,3(-11) 5.2(-11) 6.8(-11)
) - 8 1.5(-11) 2.8(-11) 4e1(-11) 4.7(-11)
S - .9 8.1(~12) 1.7(-11) 2.7(-11) 4.3(-11)
S - 10 462(-12) 1e3(—-11) 2+3(~11) 3.83(-11)
S - 11 240(-12) 7e3(-12) le6(-11) 27(-11)
S - 12 849(-13) 443(-12) 1e2(-11) 2.2(-11)
S - 13 2402(-13) 1.5(-12) 944(~-12) 1.9(-11)
S - 14 1.0(-13) 140(=-12) Se2(-12) 1,3(—-11)
S - 15 0. 0( 0) 6.7(-13) 3.3(-12) 1.0(-11)
5] - 16 0.+0¢( o) 440(-13) 1¢3(~12) 7.2(-12)
S - 17 0e0( o) 1.0(-13) 9.0(-13) S5.1(-12)
5 - 18 0. 0( 0) 0.,0( 0) 4,0(~13) 3.4({-12)
S ~ 19 0. 0( 0) 0.0¢( 0) S5.0(~13) 4,6(-12)
5 - 20 0. 0( o) 0.0¢( 0) 2.0(~-13) 247(—-12)
S - 21 0401 o) 0.0 0) 4.0(~-13) 246(-12)
S - 22 0.0¢ 0) 0e0¢ 0) 0.0( Q) 1e6{(~12)
S - 23 0.0¢( 0) 0e0( 0) 0.2¢C 0) 9.0(-13)
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TABLE 8—Continued

INITIAL - FINAL 10.0 K 20.0 K 40.0 K ) 80.0 K
5 - 0 2.3(-12) 2+3(-12) 3.2(-12) 3.6(-12)
6 - 1 T7e2(-12) 1.0(-1t1) 1e1(~-11) te3(-11)
6 - 2 1.3(-11) 1e7(~11) 2.0(-11) 2.2(-11)
6 - 3 2+45(=-11) 2.8(-11) 2¢9(-11) 340(-11)
6 - 4 3.9(-11) 3.9(-11) 4,5(-11) Se2(~-11)
6 - 5 7e1(-11) 8.6(-11) 9e2(-11) 1.0(-10)
6 - 7 645(~-11) 8+.3(-11) 9.7(-11) 1.2(~10)
6 - 8 2.8(=-11) 3.6(-11) Se.2(-11) 6.0(-11)
6 - 9 1.3(~-11) 2.9(-11) 3.3(-11) Sea(-11)
6 - 10 He9(-12) Leh(-11) 2.6{(-11) 3.8(-11)
6 - 11 3e7(-12) 1.0(~-11) 2.1(-11) 3.1(~-11)
6 - 12 l1e4(-12) 6.5(-12) 1e6(-11) 2+5(=-11)
6 - 13 5e0(-13) 3.2(-12) 1el(-11) 2e1(-11)
6 - 14 3.2(-13) 1.0(-12) 7.2{-12) 1.9(-11)
6 - 15 0. 0¢( o) 1.3(-12) 4.1(-12) 1.3(-11)
6 - 16 0. 0¢ 0) 2.0(-13) 3.1(-12) Be6(~12)
6 - 17 0.0( 0) 1.0(-13) 1.9(-12) 6.2(-12)
6 - 13 0. 0¢( 0) 2.3(—-13) Te0(-13) S5.1(-12)
A - 19 0.4 0( ) 0+0¢( o) 4,0(-13) 4.6(-12)
o - 20 0. 0f 0) 0.0 0) 8,0(-13) 3.4(-12)
6 - 21 Qe O( 0) 0e0( 0) 3.0(-13) 2+3(-12)
6 - 22 0. 0Of 0) 2. 0( 0) o.C0( 0) 2¢5(-12)
6 - 23 0t ) 0. 0( 0} 0.0 0) 2.2(-12)
7 - (s} led(-12) 2.4(-12) 3.3(-12) 3.6(-12)
7 - 1 406(-12) H5e6(—-12) 7.9(-12) 9.3(-12)
7 - 2 9.8(-12) 1e3(-11) le6({-11) 1.5(-11)
7 - 3 1.9(-11) 1e8(-11) 2.1(-11) 1.9(-11)
7 - 4 2¢31-11) 2.7(-11) 3.3(-11) 3.6(-11)
7 - ) 4.4(-11) 4s1(-11) 4.4(-11) Sea{(-11)
7 - 6 Te7(-11) 8s4(-11) 9.1 (-11) 1e1(-10)
7 - 8 6.3(-11) 7.8(~-11) 1.0(~-10) 1.2(-19)
7 o 9 2.5(-11) 3+43(-11) 4.0(-11) Se2(-11)
7 - 10 1.2(-11) 2s4(-11) 3.4(-11) 4.6(-11)
7 - 11 845(-12) le4(-11) 2.2(-11) 3.2(-11)
7 - 12 2.8(-12) 8.7(-12) 2,0(-11) 2.8(-11)
7 - 13 2.3(-12) 57(-12) 1.3(~-11) 2.0(-11)
7 - 14 1.1(-12) 4.7(-12) 1e2(-11) 2.0(-11)
7 - 15 2.2(-13) 1e5(-12) 7.6(-12) 1.8(-11)
7 - 16 0. 0( 0) 1.3(-12) 4.3(-12) 1el1(-11)
7 - 17 0e O( 0) 3.6(-13) 3.0(-12) 7.0(-12)
7 - 18 0. 0( 0) 1e7(-13) 1.9(-12) 6.2(-12)
7 - 19 0. 0¢( 0) 1+1(-13) 8+9(-13) 4.7(-12)
7 - 20 0.0( 0) 0. 04 12} Se7(-13) 3.7(~-12)
7 - 21 0. 0¢( o) 04 0f o) 3.1(-13) 2.6(-12)
7 - 22 3. 0¢( o) 040( o) 2.1(-13) 2.1(-12)
7 - 23 0. 0¢( o) 0. 0( 0) 0.0C 0) 1.0(-12)
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INITIAL - FINAL 10.0 K 20.0 K 40,0 K 80.0 K
8 - (o] 4,7(-13) 1:3(~12) 1e6(-12) 2+1(-12)
8 - 1 2+2(-12) 4.3(-12) 6.9(-12) 7.0(-12)
8 - 2 602(-12) 8e¢3(-12) 9.4(-12) 1e4(-11)
3 - 3 le0(-11) lLe3(-11) 1e6{(-11) 2.1(-11)
8 - 4 1e7(-11) 2.1(-11) 2e4(-11) 2.5(-11)
8 - S 2.40(-11) 2+9({~-11) 3.3(-11) 3e.4(-11)
8 - 6 401(-11) 3.8(~-11) 4e7(-11) 5.0(-11)
) - 7 7e9(-11) 8.2(~11) Feb(-11) 1+1(=10)
8 - 9 546(-11) Bel(~11) Be5(—-11) 1.2(-10)
8 - 10 2.2(-11) 3.7(-11) 4.6(-11) 5.9(-11)
8 - 11 lel(-11) 2.0(-11) 3.0(~11) 4.0(-11)
3 - 12 4.4(-12) 1.3(-11) 2.1(-11) 3.7(-11)
8 - 13 1.5(-12) 9e2(-121 2.0(-11) 2.8(-11)
3 - 14 6.0(-13) 4¢8(-12) 1e2(-11) 3.0(-11)
8 - 15 3.8(-13) 2¢7(=-12) 8.3(-12) 1eS(~-11)
8 - 16 1.0(-13) lLel(-12) 5.0(~12) 1.5(-11)
8 - 17 0. 0( 0) 9.0(-13) 3.7(-12) 1el1(~11)
3 - 13 0.0¢ M) 3.0(-13) 2.5(-12) 7el1(—-12)
8 - 19 0.0¢ 0) 1.6(-13) 1.7(~12) 4eb4(~12)
8 - 20 0.0( o) 1.0(-13) 9.0(~-13) 3.8(-12)
8 - 21 0. 0f o) 0.9 o) 4.0(~-13) 4.6(~12)
8 - 22 04 0( 0) 0.0( o) 2¢9(-123) 3.1(-12)
-] - 23 0. 0f Q) 0. 0¢( o) 1.e9(~13) 2.8(-12)
9 - 0 2e¢3(-13) Fe4(-13) 1e4(-12) 1.8(-12)
9 - 1 1e2(-122 2.4(-12) 4e5(~12) S.3(~l?)
9 - 2 4e1(-12) 6.3(-12) Fe3(-12) 1.0(-11)
9 - 3 Tel(-12) 1el1(-11) 1e2(-11) 1.5(-11)
9 - 4 1e5(~-11) 1.5(-11) 1leh(~11) 2.2(-11)
9 - S 1e7(~-11) 1.9(-11) 2e1(~-11) 2e9(-11)
9 - () 2e5(-11) 3.3(-11) 3.0(-11) 4.2(-11)
9 - 7 4e2{~-11) 3.7(-11) 3.8(~11) 4.,5(-11)
9 - 8 7.4(-11) 8.8(-11) 8e4(-11) 1.1(-10)
9 - 10 S.0(-11) 6.8(-11) BeS(~-11) te1(-10)
9 - 11 2.3(-11) 3.0(-11) 3.8(~-11) 5.0(-11)
9 - 12 8.8(-12) 1.9(-11) 3.4(-11) 4.1(-11)
9 - 13 Te7(-12) 1+3(~-11) 2e0(-11) 2.9(~11)
9 - 14 3.7(-12) 9.7(-12) 1e7(-11) 2e1(=-11)
9 ~ 15 7.0(-13) 3¢5(-12) tell-11) 1.3(~-11)
9 - 16 9.6(-13) 4.1(-12) 1.0(-11) 1.8(-11)
9 - 17 ‘ 2.6(-13) 148(-12) 5¢3(-12) 1e1(-11)
9 - 18 0. 0( 0) lel(=-12) 4.1(-12) 9.5(~12)
9 - 19 0. 04 0) 3.1(-13) 2.6(-12) 6.1(-12)
9 - 20 0. 0( 0) 1.5(-13) Le6{(-12) Ses(~12)
9 - 21 0.0( ) 00 0) 7e7(-13) 441(-12)
9 - 22 0 0( 0) 0.0t 0) 4439(-13) 3.2(-12)
9 - 23 0e0¢( Q) 0.0¢ 0) 2.7(-13) 2.2(-12)
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TABLE 8—Continued

INITIAL — FINAL 1092 K 20.0 K 40,0 K 80.,0 K
10 - 0 2+1(-13) 27(-13) 1.0(-12) 1.0(-12)
10 - 1 7.5(-13) 1+6(~12) 3.1(-12) 3.8(~-12)
10 - 2 1¢3(-12) 3.3(-12) Se7(-12) 7e4(-12)
10 - 3 3.9(-12) Se3(-12) 9.9(~12) 1.2(-11)
10 - 4 Te7(=-12) 1el1(-11) 1e3(-11) 1.6(-11)
10 - S le3(-11) 1.6(-11) 1.9(-11) 245(-11)
10 - 6 1.9(-11) 2.,0(-11) 2.3(-11) 2.8(-11)
10 - 7 2¢7(-11) 3.0(-11) 3.2(-11) 3.8(~-11)
10 - 3 4.,0(-11) 4.5(-11) 4.6(-11) S«3(~-11)
10 - 9 7.0(-11) Te7(~-11) Be7(~-11) 1.1(-10)
10 - 11 443(-11) 6.H6(-11) 8.1(-11) 1.1(~10)
10 - 12 2.1(-11) 3.1(-11) 4,3(-11) Se6(~11)
10 - 13 3.2(-12) 1e7(=-11) 2+8(-11) 3.6(~11)
10 - 14 3.4(-12) lsl(-11) 2e1(-11) 3.3(-11)
10 - 15 leb6(-12) 7Te(=-12) 1+7(-11) 2e7(~11)
10 - 16 6.0(-13) Set(-12) la1(-11) 2.0(~11)
10 - 17 3.0(-13) 240(-12) 9ea(-12) 1.3(-11)
10 - 18 . 2+5(-13) 1e5(-12) S5¢2(-12) 13(-11)
10 - 19 0.e0( 2) 8.0(-13) 3.8(-12) 8.5(-12)
10 - 20 0.en¢ o2 ] 2.0(-13) 2+2(-12) 840(-12)
10 - 21 0.0¢( 2) 1.0(-13) 2¢3(-12) 4.6(~12)
10 - 22 0.0¢( Q) 0.0( 0) 6.0(-13) 3.8(-12)
10 - 23 040¢ o) 0. 0f( 0) 7.0(-13) 4.1(-12)
11 - 0 2. 01 o) 1e8(-13) 7.0(~-13) 1e2(-12)
11 - 1 3.8(-13) 8e6(—13) 2:3(-12) 2.5(-12)
11 - 2 1.0(-12) 2.21-12) 3.8(-12) 6¢2(-12)
11 - 3 1.7(-12) 4e2(-12) Tel(-12) 3e2(=-12)
11 - 4 4e5(-12) S563(-12) 1s1(-11) 1.2(-11)
11 - 5 Be3(-12) lel(-11) leal-11) Le7(-11)
11 - 6 1Le3(~-11) 1e6(-11) 2.0(-11) 2.2(-11)
11 - 7 3.0(-11) 2.1(-11) 2.2(-11) 2.5(-11)
11 - 8 3.1(-11) 2.9(-11) 3.1(~-11) 3.5(-11)
11 - 9 4e7(-11) 4.,0(~11) 3¢9(-11) 4.6(-11)
11 - 10 6e3(-11) TebH(-11) 8+¢3(-11) 1.0¢-10)
11 - 12 3.9(-11) 643(-11) 8.5(-11) 1e1(-~10)
11 - 13 2e1(-11) 2e9(~-11) 3.6(-11) 4.8(-11)
11 - 14 1el(-11) 1e8(-11) 2.5(-11) 3.5(~-11)
11 - 15 3.2(-12) 1e0{-11) 2+6(-11) 2.7(-11)
11 - 16 3.4(-12) 8.83(-12) l1eS{(-110 2.0(-11)
11 - 17 1e9(-12) 4e6(-12) 140(-11) 1.7(-11)
11 - 18 3.0(~13) 3.7(-12) 9.5(-12) 1.6(-11)
11 - 19 2.5(-13) 1.6(-12) 48(-12) 1.0(~-11)
11 - 20 0. 0( 0) 1.0(-12) 3.7(~-12) 8.6(-12)
11 - 21 0. 0f o) 248B(~-13) 2+3(-12) S5e5(-12)
11 - 22 060 3) 1.3(-13) 1.5(~-12) 4.9(-12)
11 - 23 0. 0¢ o) 0404 01 6.8(-113) 3.7(-12)
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TABLE 8—Continued

INITIAL - FINAL 10.0 K 20.0 K 40,0 K 80.0 K
12 - 0 0. 0( 0) 1e5(~13) 3.6(-13) 8.6(-13)
12 - 1 2.0(-13) 2.0(-13) 1e6(-12) 2+8(-12)
12 - 2 2.0(-13) Le0(-12) 2e7(-12) 4.4(-12)
12 - 3 1e4(-12) 1eb(-11) S5¢2(~-12) 7.1(~-12)
12 - 4 3.1(-12) 4e2(-12) 7e2(~-12) 1e1(=-11)
12 - S 6e1(-12) Te5(-122 1.0(-11) 1e3(~11)
12 - 6 9.0(-12) 1e2(-11) 1.5(-11) 1.8(~11)
12 - K4 1.5(-11) 1le5(-11) 2.0(-11) 2.2(-11)
12 - 8 1.9(-11) 2.2(-11) 2.3(-11) 3.2(-11)
12 - 9 2.8(-11) 2e¢9(-11) 3.7(-11) 3e7(-11)
12 - 10 4.7(-11) 4e2(-11) 4.6(-11) 5.3(~11)
12 - 11 6.1(~11) Te6(—-11) Fe0(-11) 1.1(-10)
12 - 13 3.9(~-11) 6.0(-11) 7.6(~11) 1.0{-10)
12 - 14 1.6(-11) 2.5(=-11) 3.6(-11) Se1(-11)
12 - 15 7e4(~12) 1.5(-11) 2.4(-11) 3.8(~-11)
12 - 16 2.3(-12) 1.0(-111}) 1.9(-11) 3e1(~-11)
12 - 17 t.0(-12) 6.8(-12) 1e3(-11) 2.2(~11)
12 - 18 1.0(-13) 462(-12) 1.2(-11) 2.2(-11)
12 - 19 1.0(-13) 1e9(~-12) 8.7(-12) 1e5(-11)
12 - 20 2+4(-13) 7.0(-13) 4.2(-12) 1e1(=-11)
12 ~ 21 0+ 0) 5.0(-13) 4.2(-12) 1.0(-11)
12 - 22 C.0f( 0} 240(-13) 2.9(-12) 6+3(-12)
12 - 23 0. 0¢ o) 143(-13) 1e1(-12) 4.6(-12)
i3 - 0 0.0¢( o) 0.0t 0) 2e4(-13) 6.8(-13)
13 - 1 0.0¢ 0) 4.0(—-13) 8e0(-113) 1.3(-12)
13 - 2 0. 0( 0) 3.8(-13) 2e1(~-12) 3.4(-12)
13 - 3 9.6{(-13) 949(-13) 3.1(-12) S.2(-12)
13 - 4 3.4(-12) 1.8(-12) S5e2(-12) Bel(=-12)
13 - S 2¢3(-12) 3.2(-12) Be3(-12) 1.2(-11)
13 - 6 6e1(~12) 7e1(-12) lel(-11) 1.5(-11)
13 - K4 2.0(~-11) 143(-11) 1.4(-11) 1e6(~-11)
13 - 8 1.0(~-11) 1.9(-11) 2+3(-11) 2:4(-11)
13 - 9 4.0(~-11) 2.4(-11) ?e3(-11) 2.6(-11)
13 - 10 3el{~11) 2.9(-11) 3.3(-11) 3.4(-11)
13 - 11 Se4(-11) 4.2(-11) 4,0(-11) 4.7(-11)
13 - 12 6e5(~-11) 7.40(-11) 8el1(-11) 1.0(-10)
13 - 14 Se3(~-11) 7¢2(-11) Be0(~-11) 3.8(-11)
13 - 15 1ed(-11) 2.5(-11) 4,0(-11) 5.,0(-11)
13 - 16 1.0(~-11) le7(-11) 2e4(-11) 3.4(-11)
13 - 17 6.6(-12) 1.1(-11) 1e3(-11) 2.6(-11)
13 - 18 3.2(-12) 8.2(-12) le4(-11) 1Le9(-11)
13 - 19 1e8(-12) 4.2(-12) QeS5(-12) 1.6(-11)
13 - 20 8.6(-13) 3.4(-12) 8.8(-12) 1.5(-11)
13 - 21 2¢4(-13) 1.5(-12) 4.4(-12) 9.5(~-12)
13 - 22 0.+ 0( 0) 9.4(-13) 3.4(-12) B3.0(-12)
13 - 23 0.+ 90 Q) 2¢6(-13) 2.1(-12) 5.1(-12)
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TABLE 8—Continued

INITIAL - FINAL 10,0 K 20.0 K 40,0 K 80,0 K
14 ~ 0 0.0( 0) 0.0( 0) 1.8{-13) Se6(-13)
14 - 1 0.0 ©0) 0.0( O) 445(~13) 163(-12)
14 - 2 0.0( 0} 4.8(-13} 1.0(=12) 2.6(~12)
14 - 3 0.0( 0) 2.1(-13) 2.1(-12) 4.2(-12)
14 - 4 1.5(-12) 1.5(-12) 3.6{~12) 5¢5(=-12)
14 - s 1e9(-12) 2.7(-12) Se3(-12) 8ea(-12)
14 - [ Se6(—12) 2.8(-12) B8s1(-12) 1.4(-11)
14 - 7 1.6(-11) t.3t-11) 1e4(=-11) 1.6(-11)
14 - 8 7e2(-12) 1+3(=-11) 1e5(-11) 2e5(=11)
14 - 9 3.3(~11) 2.3(-11) 2.1(-11) 2.,0(-11)
14 - 10 2.2(-11) 2¢3(-11) 2.7(-11) 3.2(~11)
14 - 11 4,7(-11) 3.3(-11) 3.0(-11) 3.4(-11)
14 - 12 4e4(-11) 3.9(-11) 4a2(-~11) Sel{—11)
14 - 13 9e1l~11) 9e1(-11) 8e6(-11) 9.8(-11)
1a - 15 3.4(-11) 5.9(-11) 7ea(-11) 1.1(~-10)
1a - 16 1.9(-11) 2.7(-11) 3.4(-11) 4.6(-11)
14 - 17 9.7(-12) 1e6{-11) 2¢3¢(-11) 3.3(-11)
14 - 18 6e4(—12) lel{-11) 1.7(=11) 2.5(-11)
14 - 19 3.11-12) 7e9(-12) 1e4(-11) 1.8(-11)
14 - 20 1e7(-12) 441(-12) 9e2(=-12) 1e6(—11)
14 - 21 8.4(-13) 3.3(-12) 8.5(-12) 1.5(-11)
14 - 22 2.3(-13) 1.5(-12) 4.2(-12) 9.2(-12)
14 - 23 0.0( 0) 9.1(-13) 3.3(-12) 7.7(-12)
15 - o 0.0( O) 0.0( O) 1e2(-13) 4.,7(-13)
15 - 1 0.0( 0) 0.0( 0) 3.8(-13) 9.6(~13)
15 - 2 D.,0( 0) 3.0(-13) 1.0(-12) 2.7(-12)
15 - 3 3,0(-13) 7e4(-13) 1.5{-12) 2.2(-12)
15 - 4 3.,0(~-13) 1.0(-12) 2.3(-12) 2.7(-12)
15 - s 1.0(-12) 2.4(~12) 3.7(-12) 6e4(—12)
15 - 6 1.5(-12) 4,6(-12) Sel(=-12) 9.0(-12)
15 - 7 5.8(-12) Sea(—12) Le0(-11) 1ea(~-11)
15 - ‘8 8.2(-12) 943(-12) tel1(-11) 13(-11)
15 - 9 1el(-11) 1.1(-11) 1.6(-11) 1a7(-11)
15 - 10 1e8(-11) 2.1(-11) 2e3(-11) 2.6(-11)
15 - 11 2.5(-11) 2.4(-11) 3.5({-11) 2.7(-11)
15 - 12 3.7(-11) 3.0(-11) 3.1(=-11) 3.9(-11)
15 - 13 4.3(-11) a.1(-11) 4.8(-11) Sel(~11)
15 - 14 6el{-11) 7.7(-11) 8e1(~-11) 1el(~-10)
15 - 16 3.,2(-11) Sea(-11) 7e5(~11) 1.1(-10)
15 - 17 9e8{-12) 2.5(-11) 3.6(~-11) 443(-11)
15 - 18 3.5(~-12) 1.5(—11) 2e1(-11) 3.4(—11)
15 - 19 1.6(-12) 8.4(-12) 1.8(-11) 2.9(-11)
15 - 20 4,0(-13) 3.4(-12) Lel(=-11) 1.5(-11)
15 - 21 2.0(-13) 3.5(-12) 9.8 (—-12) 1e1(~11)
15 - 22 1.0(-13) 1.3(-12) 7e8(~12) 1e4{-11)
15 - 23 2.3(-13) 640(-13) Sel1(-12) 8e4 (-12)
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INITIAL - FINAL 10,0 K 20.0 K 4040 K 80.0 X
16 - 0 0.0 0} 0.0( 0) 0.,0{ 0) 2.2(-13)
16 - 1 0.0( 0) 0.0( 0) 3.6(-13) 8.0(-13)
16 - 2 0.,0( 0) 0.0( 0) 3.2(-13) 1.8(~12)
16 - 3 0.0( 0) 0.0( 0) 7.9(-13) 3.0(-12)
16 - a 0,0 O 845(-13) 1.8(-12) 3.7(-12)
16 - 5 0.0( 0) 1e9(=-12) 2.2(-12) 4.6(-12)
16 - 6 3.6(-12) 9.7(-13) 4,3(-12) 6e3(-12)
16 - 7 4.5(=-12) 6.1(-12) 7.0(-12) 84.8(-12)
16 - 8 4,1(-12) 5e0{=12) 7.7(-12) 1e4(~-11)
16 - 9 2.9(-11) 1e7(=11) 16(-t1) te7(-11)
16 - 10 1e3(=-11) 1.9(-11) 1e7(~-11) 2.0(-11)
16 - 11 5.0(-11) 2.8(-11) 2.3(-11) 2%0(-11)
16 - 12 2.2(-11) 2.7(-11) 2.7(-11) 3.2(-11)
16 - 13 Se8(-11) 3.7(-11) 3.2(-11) 345(~11)
16 - 1a 6.6(~-11) 4.6(-11) 4.2(-11) 4.8(=11)
16 - i5 6e1(-11) 7e2(-11) Se4{-11) 1.1(=10)
16 - 17 SeO0(=-11) 7.0(-11) 7e8(-11) Fe6(-11)
16 - 18 1e8(-11) 2.6(-11) 3.3(-11) 4.5(-11)
16 - 19 9.3(-12) 1e5(-11) 2.2(-11) 3.2(-11)
16 - 20 6.2{-12) 1.0(-11) le6(-11) 2.5(=11)
16 - 21 3,0(-12) 7e5(-12) 1e3(-11) 1.8(-11)
16 - 22 1.7(-12) 3.9(-12) B8e7(—12) 1eS(-11)
16 - 23 8e2(-13) 3.2(-12) 8.0(-12) 1.4(=~11)
17 - 0 N.0( 0) 0.0{ 0) 0,0( 0) 1+9(-13)
17 - 1 0.0 9} 0.0( 0} 1.4(-13) 4.9(-13)
17 - 2 0.0( 0) 0.0( 0) 2.9(-113) 1e7(—12)
17 - 3 0.7 0) 162(=13) 1.0(-12) 1.5(-12)
17 - 4 0.0( 0) 1.2(-13) 1.5(=12) 2.7(~-12)
17 - 5 0.0( 0) 6.4(—13) 1e3(-12) 3.4(-12)
17 - 6 0.0 0) 6.6(-13) 3.0(-12) 4.7(-12)
17 - 7 S5e7(~-12) 2.3(=-12) 5.0(=-12) 5.9(-12)
17 - ‘8 60 7(~12) 5.6(~12) 6.4(-12) 1.9(-11)
17 - 9 1e6(=11) 1.0(-11) 9e3(~12) 1.1(-11)
17 - 10 1.3(-11) 1.0(~11) 1e6(-11) 1.3(-11)
17 - 11 S.5(=-11) 2.0(-11) 1.7(-11) 1.8(-11)
17 - 12 1e9(~11) 2.5(-11) 2.1(-11) 2.3(-11)
17 - 13 7e6(-11) 3.2(-11) 2.7(-11) 2.8(~11)
17 - 1a 65e5(=11) 3.8(~-11) 3¢3(-11) 3.6(-11)
17 - 15 3.7(-11) 4,5(-11) 4,6(-11) 4,5(-11)
17 - 16 9.9(-11) De5(=11) Hs3(—11) 1.0(-10)
17 - 18 4,9(-11) 6e9(-11) 7e7(=11) F.6(-11)
17 - 19 1+8(-11) 2.5(-11) 3.3(-11) a,5(-11)
17 - 20 9,1(=-12) 1.5(-11) 2.2(-11) 3.2(-11)
17 - 21 hell-12) 9e7(-12) 1e6(-11) 2.4 (-11)
17 - 22 3.0(-12) 7e3(-12) 1¢3(-11) 1.7(-11)
17 - 23 1.7(-12) 3.8(-12) 8.5(-12) 1.5(-11)
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INITIAL - FINAL 10.0 K 20.0 K 40.0 K 80,0 K
18 - 0 0.0( e) 0. 0f 0) 0.0¢( Q) . 1.83(~-13)
18 - 1 0« 0( o) 0. 0f( 0) 1e3(-13) 2.7(-13)
18 - 2 0. 01 0) 1e1(=-12) 0.0¢( 0) S5¢7(-13)
18 - 3 0. 0( Q) 0.0¢( [ }] 2e3(-13}) 8.8(-13)
18 - 4 C.0( 0) 1.6(~-13) Tel(-13) 2.0(-12)
18 - S 0. 0( 0) 1e6(-13) 6.,5(-13) 2.4(-12)
18 - 6 0e0( 0) 1e9(-12) 1.3(-12) 4.1(-12)
18 - 7 0. 0( o) 1.5(-12) 3.6(-12) 5+5(-12)
18 - 8 9.0(~12) 2¢6(-12} Se0(-12}) 6¢8(-12)
18 - 9 1.0(-11) 8.9(-12) 8.4(-12) 9.7(-12)
18 - 10 2.3(-11) tel(-11) 1e0(-11) 1s4(-11)
18 - 11 5e¢5(-11) 2.3(-11) 1.9(-11) 1.8(-11)
18 - 12 39(-12) 2.2(-11) 24.3(-11) 2.4(-11)
18 - 13 7e6(-11) 3.4(-11) 2+5(-11) 2.1(-11)
18 - 14 9.0(~-11) 3.5(-11) 2.8(-11) 2.9(~11)
18 - 15 2.7(-11) 3.8(~-11) 3.,1(~-11) 3.7(-11)
18 - 16 7+6(-11) 4.9(-11) 4.3(-11) 449(-11)
18 - 17 1.0(-10) 9e7(~11) 8.9(-11}) 1.0(-10)
18 - 19 4e9(-11) 6.8(-11) 7.7(-11) 9.5(-11)
18 - 20 1.8(~-11) 2¢5(~-11) 3.2(~11) 444(-11)
18 - 21 8.9(-12) 1.5(-11) 2.2(-11) 3.1(-11)
18 - 22 6.,0(~-12) 9.5(-12) le6(-11) 2e4(-11)
18 - 23 2.9(~-12) T.1(-12) 1.3(-11) 1.7(-11)
19 - o] 0. 0L 0) 0.n¢ 03] 0.0¢ " 1.7(~13)
19 - 1 0. 0Of 0) 0.01 0) 0.0( 0) 2+8(-13)
19 - 2 0. 01 0} 0.0¢ 0) 2.0(-13) 8.9(~13)
19 - 3 0. 0( Q) 0.0¢( 0) l1e3(-13) 1.6(-12)
19 - 4 0.0¢( 0) 0.+0¢( o) 3.3(-13) 1.8(-12)
19 - S 0. 0( 0) 2.2(-13) F.5(-13) 3.4(-12)
19 - 6 0.0¢( o) 241(-13) 8.4(-13) 3.9(~12)
19 - 7 0.0t 0) 1.5(-12) 2,0(-12) 4041(-12)
19 - 8 0.01 0) 2.0(-12) 4.,0{(-12) 4.4(-12)
19 - 9 1ea(~-11) 3.6(-12) 6,1(-12) 6.5(-12)
19 - 10 1e5(-11) 8.2(-12) 8,91(-12) 9.6(-12)
19 - 11 3.3(-11) 1.4(-11) lel({-11) 1.2(-11)
19 - 12 8.5(-12) 1.4(-11) 1.9(-11) 1.7{-11)
19 - 13 9.3(-11) 2¢5(—11) 1.9{-11) 1.9(~11)
19 - 14 9.5(-11) 3.8(-11) 2.6(-11) 2.2(-11)
19 - 15 2.7(-11) 3.1(-11) 3.1(-11) 3e8(-11)
19 - 16 Be3(-11) 4.2(-11) 3.4(-11) Je7(~-11)
19 - 17 8e.2(~-11) Se.1(-11) 4.4(-11) 449(-11)
19 - 18 1el(-10) 9.8(-11) 8.9(-11) 1.0(-10)
19 - 20 4.8(~-11) 6.7(-11) 7T.6(-11) 9.5(~-11)
19 - 21 1e7(-11) 2e4(-11) 3.2(-11) 4.4(-11)
19 - 22 8.8L~-12) 1e4(-11) 2.1(-11) 3.1(~-11)
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194 GREEN AND CHAPMAN
TABLE 8—Continued
INITIAL - FINAL 10.0 K 20.0 K 40.0 K 80.0 K
20 - ) 0.0( 0) 0.0( 0) 0.0 0) 0.0¢ 0)
20 - 1 0.0( 0) 0.0 0) 0.0¢ 0) 1.1(-13)
20 - 2 0.0 0) 0+0( 0) 2.3(~13) 3.8(-13)
20 - 3 0.0( 0) 0,00 O 1.8(-13) 1.3(-12)
20 - 4 0.0( 0) 0.0( 0) 1.9(-13) 1:6(-12)
20 - s 0.0 0) 0.0( 0) 4,5(-13) 2.1(-12)
20 - 6 0.0( 0) 3.1(-13) 2.0(-12) 3.0(-12)
20 - 7 0.0( 0) 2.9(-13) 1,5(-12) 3.7(-12)
20 - 8 c.0( O 1e9{-12) 2.5(-12) 4.1(-12)
20 - 9 0.0( 0) 2.5(~-12) 4.6(~-12) 6+2(~12)
20 - 10 2.2(-11) 3.0(-12) 6.1(-12) 9,5(~12)
20 - 11 2.3(-11) 1e¢3(-11) 1.0(-11) 1e1(~11)
20 - 12 4.7(~11) 7.61-12) 1.1(-11) 1.4(-11)
20 - 13 1,0(~-10) 3.0(-11) 2.1(-11) 1.9(~11)
20 - 14 1.2(-10) 2.9(-11) 2.1(-11) 2.0(-11)
20 - 15 1.5(-11) 1.8(-11) 2.1{(-11) 1.9{—-11)
20 - 16 1.3(-10) 440(-11) 2.9(-11) 3.0(~11)
20 - 17 9.3(-11) 4,5(-11) 3.5(-11) 3.7(-11)
20 - 18 8.8(-11) 5.2(-11) 4.5(-11) 4.9(-11)
20 - 19 1.1(-10) 9.,91-11) 9.0(-11) 1.0(~10)
20 - 21 4.7(-11) 6.7(-11) 7.6(—11) 9,.5(-11)
20 - 22 1e7(-11) 2.4(-11) 3.2(-11) 4,3(~-11)
20 - 23 Be6(-12) teal-11) 2.1(-11) 3.1(-11)
REFERENCES

Bel‘gztein, R. B., and Levine, R. D. 1972, J. Chem. Phys., 57,
Chapr;lan, S., and Green, S. 1977, J. Chem. Phys., 67, 2317.

Daéigml%,o A., Oppenheimer, M., and Black, J. 1973, Nature,
Deggn’g, T., Chu, S.-I., and Dalgarno, A. 1975, 4p. J., 199,

DePristo, A. E., and Rabitz, H. 1977, Chem. Phys., 24, 201.

Edmonds, A. R. 1960, Angular Momentum in Quantum
Mechanics (Princeton: Princeton University Press).

Flygare, W. H., Huttner, W., Shoemaker, R. L., and Foster,
P. D. 1969, J. Chem. Phys., 50, 1714.

Goldflam, R., Green, S., and Kouri, D. J. 1977, J. Chem.
Phys., 67, 4149.

Gcﬁcziflgm, R., and Kouri, D. J. 1976, J. Chem. Phys., 65,

Goldflam, R., Kouri, D. J., and Green, S. 1977, J. Chem.
Phys., 67, 5661.

Go?,rflzozn, R. G., and Kim, Y. S. 1972, J. Chem. Phys., 56,

Green, S. 1974, Physica, ‘76, 609.

. 1975, Ap. J., 201, 366.

Green, S. 1976, Chem. Phys. Letters, 38, 293.

Green, S., Garrison, B. J., and Lester, W. A. 1975, J. Chem.
Phys., 63, 1154.

Green, S., Garrison, B. J., Lester, W. A., and Miller, W. H.
1978, Ap. J., to be published.

Green, S., and Monchick, L. 1975, J. Chem. Phys., 63, 4198.

Green, S., and Thaddeus, P. 1974, Ap. J., 191, 653.

. 1976, Ap. J., 205, 766.

Hirschfelder, J. O., Curtiss, C. F., and Bird, R. B. 1954,
Molecular Theory of Gases and Liquids (New York: Wiley).

Levine, R. D., Bernstein, R. B., Kahana, P., Procaccia, L.,
and Upchurch, E. T. 1976, J. Chem. Phys., 64, 796.

McGuire, P., and Kouri, D. J. 1974, J. Chem. Phys., 60,
2488.

Mockler, R. C., and Bird, G. R. 1955, Phys. Rev., 98, 1837.

Procaccia, 1., and Levine, R. D. 1976, J. Chem. Phys., 64,
808.

Varshalovich, D. A., and Khersonsky, V. K. 1976, preprint.

Weiss, R. 1963, Phys. Rev., 131, 659.

Westenberg, A. A., and Wilson, E. B. 1950, J. Am. Chem.
Soc., 72, 199.

SALLY CHAPMAN: Department of Chemistry, Barnard College, Columbia University, New York, NY 10027
SHELDON GREEN: NASA Institute for Space Studies, 2880 Broadway, New York, NY 10025

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1978ApJS...37..169G

